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ABSTRACT
Perceptions of Physics Teachers in Singapore about Curriculum Sequencing
Curricular sequencing is central to instruction design and enactment. If carefully
planned for, the order of topics to be taught would determine how the fundamentals of the
discipline can be presented and introduced to learners, in a sequence that eases them into
more complex ways of reasoning and thinking about the domain. These sequences or
learning progressions often reflect the experts’ conceptual schemas of the discipline and are
conceived as strategic models for instruction (Duschl et al., 2011).
The varied findings from current research on learning progressions underscore the
complexity of teaching and learning, and imply that even ‘well-crafted’, standards-based,
and authorized learning progressions need to be understood, decoded and customized by
educators in the field. Teachers need to interpret and enact these standards-endorsed
learning progressions in ways that are appropriate for their own students.
This qualitative study sought to understand and document what physics teachers in
Singapore believe are conceptual themes that connect the concepts in Kinematics and
Dynamics, the logic that underpins the transitions between topics, and the considerations as
well as general strategies that teachers employ when planning a learning progression. The
sample was purposive and comprised 22 teachers who taught physics at grades seven to
twelve in Singapore schools. Data were obtained through in-depth, task-based interviews
with the physics teachers.
The study found that the teachers’ arrangement of the learning objectives were
unique, implying that there is likely to be no standard learning progression across
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Singapore classrooms or across school types. From the teacher interviews, there were a
total of ten pedagogical strategies and considerations (six that were concept-themed and
four that were generic) that teachers may reflect on when planning a learning progression.
These ten pedagogical practices offer teachers various permutations for curricular
sequencing.
The findings of the study suggest that teachers recognize the significance and
consequence of learning progressions and conscientiously plan their presentations of the
teaching unit. In the teachers’ daily teaching practice, the order of topics taught depends on
contextual factors and their professional beliefs, and would thus depart from a standard
formal sequence.
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CHAPTER I
STATEMENT OF THE PROBLEM
Curricular sequencing is central to instruction design and enactment. If carefully
planned for, the order of topics to be taught would determine how the fundamentals of the
discipline can be presented and introduced to learners, in a sequence that eases them into
more complex ways of reasoning and thinking about the domain. Posner and Strike
(1976) contended that there are guiding principles on how content could be sequenced.
Three of these principles advocate that the order of the content elements be made
consistent with (a) how students learn; (b) the epistemological nature of the propositions
and concepts; and/or (c) real world needs and expectations of how students use this
knowledge. An ideal curricular sequence meets the developmental needs of the student
and is coherent, in that it is consistent with the structure of the underlying discipline
(Shepard, Daro, & Stancavage, 2013).
Beyond a broad consensus amongst educators that a well-planned and executed
curricular sequence would benefit and improve student learning, there are several
considerations that frame how such a sequence could be developed and how a sequence is
to be assessed and validated. First, there are theories on how learners build and refine
their understanding of the discipline. These theories include schema theory (Bartlett,
1954) and models for conceptual change (Kuhn, 1996; Chi, 2005; Smith, 2007). Second,
there is difficulty in obtaining a consensus for what constitutes conceptual coherence or a
continuity of conceptual themes across the topics to be taught (Duschl, Maeng, & Sezen,
2011). Third, would be determining the outcomes and end-goal objectives of the
instructional program, which incorporate considerations of acceptable benchmarks and
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their associated assessment methods and calibration instruments. There is a wide range of
terminology and approaches for planning, ordering and monitoring learning. Thus,
curriculum sequencing is a complex process and a fundamental problem in education.
In science education, the general topic of this dissertation, the current concepts in
curricular sequencing are curriculum coherence and learning progressions. Curricular
coherence is defined as the alignment of the topic concepts within a subject discipline,
with considerations for the depth at which a topic is to be studied, and the sequencing of
said concepts within and across grades (Schmidt, Wang, & McKnight, 2005). The Atlas
of Science Literacy (American Association for the Advancement of Science [AAAS],
2001a) visualized coherence as organized and sequenced maps that guide instruction in
building a deep and interconnected understanding of concepts.
According to the National Research Council (NRC, 2007), a coherent science
curriculum should connect concepts over time by building ideas between relevant topics
and by aligning instruction and assessment. Shwartz, Weizman, Fortus, Krajcik, and
Reiser (2008) contended that coherent themes in instructional activities and materials
would provide students with learning opportunities that enable them to use and link
concepts, and thus, be able to understand a broader context, solve problems and predict
phenomena. The authors argued that coherence in the science curriculum is necessary to
achieve true scientific literacy in students, and must be explicitly planned. The current
science education reform (Next Generation Science Standards [NGSS], 2013a) is built
around this coherence, relevance, depth, and connectivity of domain concepts in science
instruction.
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However, these broad objectives and high-level goals together with teacher guides
coupled with common curriculum activities tend to be ineffective, because they presume
that the materials meet the needs of all students (Windschitl & Calabrese-Barton, 2016).
Teachers play critical roles in ensuring the suitability of the instruction with the learning
needs of their students, and for their particular school context. This ‘suitability’ is another
aspect of coherence; that the instruction is coherent with the student’s level of
understanding (Kuhn, 1996; Chi, 2005; Smith, 2007). Student conceptual development is
a critical consideration in the sequencing, planning and design of the science curriculum.
Hence, the endorsement and development of learning progressions in the current science
education reform. It is an endeavor to integrate student-curriculum interactions with
disciplinary rigor in science instruction (NRC, 2007).
Learning progressions are research-based descriptions of how students typically
develop knowledge about a subject. They depict the stages of attainment and describe the
performances and student work that were observed at each stage (Shin, Stevens, &
Krajcik, 2009). Learning progressions also reflect the experts’ conceptual schemas of the
discipline and are conceived as strategic sequences of instruction that guide learners in
successively more complex ways of thinking (Duschl et al., 2011). Learning progressions
use core themes to organize content elements and are presented as coherent learning
sequences.
Generally, learning progressions describe longer sequences of instruction that will
map core ideas and performance expectations for a unit of study or for the entire
instructional program (Duncan & Hmelo-Silver, 2009). The longer timeframe when
crafting a learning progression allows for core concepts to be connected and offers a
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more cohesive picture of the disciplinary knowledge and practice to be taught (Duschl et
al., 2011). For this dissertation, the sequencing of teaching objectives in a physics unit on
Kinematics and Dynamics will be explored.
As a forerunner to learning progressions, the term learning hierarchies was used
by Gagné (1968) to refer to “a set of specified intellectual capabilities having, according
to theoretical considerations, an ordered relationship to each other” (p. 1). Gagné argued
that the objectives of instruction could be analyzed and condensed to its set of
subordinate skills. These skills form a hierarchy, which he considered to approximate a
plan for effective instruction. It is notable that Gagné referred to learning hierarchy as a
set of ordered intellectual skills, and that lower skills generate ‘positive transfer’ to
higher-order ones. The hierarchy can be represented by drawing ‘lines of transfer’
between skills. This perception of learning hierarchy is similar to the definition of
learning progressions as pathways of increasingly more sophisticated ways of thinking.
However, Gagné (1968) contended that each skill that is learned “may generalize to many
other situations and domains which cannot possibly be represented on a single chart”
(p. 4). Learning hierarchy, thus, only represents the most probable expectation of positive
transfer for learners.
In a 1973 review of the research on learning hierarchies, White (1973) found
results that were inconsistent with the theory. Students were observed to behave in ways
which did not fit proposed hierarchies. White postulated that the inconsistent results were
due to the complexity of the skills tested, i.e. performing diverse classes of problems.
White and Gagné (1974) proposed that a hierarchical relationship would be better
established if the abilities measured were more ‘narrowly defined’.
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In the context of teaching, learning progressions are cognitive models that
represent how students think within a domain and how they move towards an expert
understanding (Corcoran, Mosher, & Rogat, 2009). Learning progressions indicate the
pathway, sometimes multiple pathways, that students navigate when learning. Conversely,
knowing where the student is on the learning progression can provide useful feedback to
teachers on classroom instruction and for interventions purposes (Furtak, 2009).
It is important to remember that learning progressions tend to be hypothetical
models, although these models may be informed by experts in the discipline. Learning
progressions need to be validated by research. Currently, many studies are focused on the
development and empirical validation of learning progressions in specific topics.
Researchers have tested learning progressions for science topics such as energy (e.g.,
Herrmann-Abell & DeBoer, 2018), force and motion (e.g., Alonzo & Steedle, 2009),
climate change (e.g., Breslyn, McGinnis, McDonald, & Hestness, 2016), genetics (e.g.,
Todd, Romine, & Cookwhitt, 2017), and disciplinary practice, such as scientific
modeling (e.g. Forbes, Zangori, & Schwarz, 2015).
Researchers and educators use various approaches in these validation studies,
differing not only in the topics researched, but in the methods, instruments and analysis.
For example, in investigating students’ understanding of force and motion, Alonzo and
Steedle (2009) used a learning progression as a framework for crafting assessment items.
They interviewed the students to obtain their rationale for their answers to the assessment
items. The interview data gave insights to the students’ thinking and attainment level, and
is a test of the validity of the assessment items in placing the level of the students’
understanding. Smith (2007) researched students’ naïve ideas about material, weight and
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density. Using clinical interviews, he tested instructional tasks meant as interventions for
the students’ preconceptions.
Generally, the approaches and study designs of learning progression research
were combinations of two intents:
1. testing a hypothetical learning progression created by experts
•

quantifying levels of student responses to formulate a scale

•

developing and evaluating assessment items against the levels of a
learning progression

•

analyzing cross-sectional studies that show what students know at the
different levels

2. using student responses to develop or modify a learning progression
•

collating qualitative descriptions of student performance at each level

•

determining level-appropriate instructions to match the expectations of
specified learning progressions

The varied findings that come from the research on learning progressions
underscore the complexity of teaching and learning, and imply that even ‘well-crafted’,
standards-based, and authorized learning progressions need to be interpreted and
customized by educators in the field.
Many researchers have reported difficulty in translating levels of complexity as
demarcated in learning progression into assessment items. Todd et al. (2017) shared that
students demonstrated different levels of understanding, but that the lower level
understanding would not necessarily be incorrect, just less sophisticated. Hence, it was
challenging for the authors to create multiple-choice items with the appropriate level-
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coded distractors. The subsequent analysis of student responses would also need to
consider the occurrence of guessing in multiple-choice items. Alonzo and Steedle (2009)
found it difficult to locate the students in predetermined levels as the students’
understanding of a word or concept would be changing and the students used the concept
inconsistently. Todd et al. (2017) noted an “interesting phenomenon in progression
research which is the concept of the ‘messy middle’ where students may move forward or
backward through the progression as their knowledge increases or decreases over time”
(p. 34). While this highlights the difficulties in crafting instruments for progression
studies, the research also implies that a learning progression is not a single linear pathway
(Corcoran et al., 2009).
What the current studies on learning progression have indicated is that
formulating one is a very complex process. Learning does not follow a linear trajectory,
and is predicted by many factors, both cognitive and affective. Teachers still need to
interpret and enact standards, and be guided by standards-endorsed learning progressions
in ways that are appropriate for their own students.
Not all researchers subscribe to the idea of learning progressions. Shavelson and
Kurpius (2012) advised that “there is likely no single linear path within and across
students’ knowledge structures that has the potential to provide a tidy learning
progression and prescriptions for teaching” (p. 19). In a critique of the prominence given
to learning progression research, Sikorski and Hammer (2017) cautioned that learning
progressions would not reflect the complexity and modality of learners’ knowledge,
reasoning, learning, and motivations.
However, learning progressions or progress maps continue to be useful
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representations of domain schema and reinforce the core ideas and relationships that need
to be taught (NRC, 2007). They offer coherence between topics and give a disciplinary
perspective of concept development (Corcoran et al., 2009). They also map performance
expectations and benchmarks for the subject (AAAS, 2001a). Learning progressions are
ways in which researchers and educators can present, discuss and research the merits of a
specific order of topics. In tandem with the development of the Next Generation Science
Standards (NGSS, 2013b), several policy reports from the National Research Council
(NRC, 2006, 2007) have advocated for the use of learning progressions as a means of
aligning standards and ensuring coherence in curriculum and assessment.
While most would agree that learning progressions represent a reasoned and
reasonable approach to teaching and organizing instruction in the long term, it is a new
paradigm for some teachers attempting to implement learning progressions and may be in
conflict with their current approach and practices. More research needs to be done to
include teachers’ perspectives of learning progressions and of their implementation
decisions.
Teachers play a central role in curriculum planning and instruction enactment. They
are the implementers of the larger educational vision and objectives, and as curriculum
planners and makers, teachers’ knowledge and beliefs about their own teaching practice
determine the experience and learning that students take away from the lesson (Van
Driel, Beijaard, & Verloop, 2001). It is important to incorporate teachers’ thinking and
beliefs about curriculum coherence when considering the effectiveness of a proposed
curricular sequence or ‘storyline’.
However, most research on learning progressions had been on validation and not
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on how teachers can implement learning progressions effectively. What is less
understood is how teachers consider and interpret these learning maps. In a review of
core practices for science education, Windschitl and Calabrese-Barton (2016) noted that:
Although some high-quality curriculum exists, it appears to be crucial that
teachers also develop the capacity to adapt these materials to the needs of
their students and to the affordances of their local contexts. We know little
of how teachers engage in these complex practices. We do know that
teachers should design for a series of connected ideas and experiences
around a set of fundamentally important science concepts, but how
teachers reason with and about subject matter knowledge is poorly
understood (p. 1124).
Ultimately, teachers are the ones to effect the curriculum changes. However,
there has been little research on teachers’ thinking about curriculum in general and on
their thinking about curricular coherence and sequencing which is the specific area of
focus for this dissertation.
Purpose of the Study
Consequently, this study examines teachers’ thinking about coherence and
curricular sequencing by focusing on physics teachers’ perception and use of learning
progression in Singapore. The teacher’s role in instruction is especially important given
the recent education reforms in the United States and in Singapore that is moving subjectmatter content and objectives away from declarative knowledge to focus on deep
structures that emphasize conceptual continuity and reasoning. The reform shifts
education from a rote instruction of discrete topics to activity structures and science
discourse. Teachers need to plan for coherence or a domain ‘storyline’ that they can
present to students (Roth et al., 2011). It is the teachers’ perspective that the students will
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experience and it is this teachers’ perspective that this dissertation will explore.
Beginning and experienced teachers will be asked to share how they might
sequence lesson objectives for the unit on Kinematics and Dynamics and give their
rationale for that sequence. Kinematics and Dynamics are usually taught over seven to
twelve weeks or in 20 to 35 hours of curriculum time. To move away from the idea that
the sequence is merely a listing of topics, the term learning progression will be used to
infer that the sequence (single or multiple pathways) is pedagogically sound and
conceptually coherent. The study hopes to find if there are similarities between the
learning progressions set up by beginning teachers and those by experienced teachers.
The rationale given by the teachers for their arrangement of topics will indicate the
organizing concepts and conceptual themes that guide their teaching. A second variation
will be between teachers in government schools and those in independent schools. The
independent schools in Singapore are given more flexibility in determining the subject
curricula, and thus, teachers in independent schools will be expected to have more varied
opinions about curricular sequencing.
The exploratory nature of the study and the stated context (perceptions and
viewpoints of individuals) require a qualitative approach (Merriam & Tisdell, 2016). An
interview research design will be adopted (Goldin, 2000). Data will be obtained through
in-depth, task-based interviews with physics teachers. The purposive sample will be
teachers who teach physics at grades seven to twelve, in Singapore schools. The 20
participants will include experienced teachers who have taught for at least ten years and
beginning teachers with less than three years of service. As a reference, a pilot set of
interviews with two master teachers will be conducted. The inputs from the master
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teachers would also advise on the interview protocol and on the analysis of the interview.
The interview will be task-based, where teachers are asked to:
1. sort and sequence topics for the unit and explain relationships between topics,
2. match learning objectives with disciplinary core ideas, and
3. position common misconceptions where they are likely to occur in the teacher’s
own learning progression.
Artifacts such as the teacher’s arrangement of the lesson objectives will be
collected and analyzed together with the interviews. These interviews and artifacts will
present data on teachers’ thinking about coherence, organizing themes, effective
sequences and pre-emptive interventions for misconceptions.
Significance of the Study
This study is important for three reasons. First, it examines teachers’
understanding of concept development from the aspect of learning progressions: carefully
sequenced, pedagogically sound and conceptually coherent instruction. Researchers have
found that teachers’ understanding of subject matter is a prerequisite for the development
of pedagogical content knowledge (Van Driel et al., 2001). Pedagogical content
knowledge is of significance because it represents the blending of content and pedagogy
into an understanding of how content elements can be organized, represented, and
adapted for diverse learner profiles and needs (Shulman, 1986, 1987; Gess-Newsome et
al., 2017). This study examines teachers’ perceptions and thinking about what makes an
effective curricular sequence. A coherent sequence is core to presenting domain schema
and necessary for effective curriculum enactment.
Second, the study will surface the differences in teachers’ thinking and practice
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between beginning and experienced teachers with respect to learning progressions. Van
Driel et al. (2001) had noted that beginning teachers usually have little pedagogical
content knowledge at their disposal as this professional knowledge is developed through
an integrative and cognitve process rooted in classroom practice. The study will also
examine how school context (government or independent schools) might affect the
teachers’ perspectives on what makes an effective learning progression.
Third, the study is important because it will map the knowledge and ideas of the
participants of the study and explore the feasibility of a composite learning progression
for Kinematics and Dynamics at the middle to high school level in Singapore. This
proposed composite map if viable could serve as a baseline for further developments in
curricular sequencing or be used in professional discourse.
Theoretical Rationale
The study looks at curricular sequencing from the point of application, at
instruction enactment. To get to the point of application, there is a need to first review the
acknowledged qualities and features of curricular sequencing, and then layer the practical
implications of educational reform directives and the evolving context.
The theoretical rationale for this study is built around two main principles guiding
curricular sequencing: (a) the sequence meets the developmental needs of the student,
and (b) the sequence is coherent, in that it is consistent with the structure of the
underlying discipline (Shepard et al., 2013). Figure 1 outlines the broad organizing
framework that informs this study.
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Curricular
Sequence

Meets developmental needs
of students

Coherent with disciplinary
knowledge and practice

Suitability - Instruction
coherent with students’
levels of understanding

Level-appropriate
benchmarks, standards, and
expectations

Teacher knowledge and
strategies

Learning Progressions
- Organized and sequenced
maps that guide instruction
- Vertical continuity, over
time, across concepts

Enactment
- Unit plan and activity
structure
Figure 1. Curricular sequence as mitigated by teacher knowledge and domain standards.

There are two threads in the theoretical rationale. The first thread, represented to
the left in Figure 1, is that a curricular sequence caters to the developmental needs of
students. The instruction given to students builds upon and is coherent with students’
levels of understanding. This customization of instruction is the purview of teachers and
is influenced by teacher knowledge and beliefs. The second thread for curricular
sequencing, to the right in Figure 1, is the presentation of disciplinary core ideas and
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practices in meaningful and applicable ways. The rigor and scope of the subject are
expressed in terms of standards and objectives. Learning progressions convey the
important themes and the organizing structures of the discipline.
There are crossovers in the two strands. Teacher planning of instruction is also
guided by standards and performance expectations, and where available, by learning
progressions ‘endorsed’ by policy institutions (AAAS, 2001b). The teacher’s
instructional plan is itself a form of learning progression. As learning progressions reflect
the continuity in learning, what the students learn in each lesson affects the next phase of
instruction. This forms a feedback loop. The planned learning progression would evolve
with use, with inputs from teachers, and with research on student interactions with each
sequence of instruction. Thus, following the interaction of the two threads in Figure 1, the
two main positions that frame this dissertation are: (a) teachers are curriculum
gatekeepers, and (b) learning progressions are coherent sequences that cater to student
learning. The intersection of these two is the subject matter of this dissertation.
Teachers as curriculum gatekeepers
This study adopts the theoretical perspective that teachers and the institutional
curriculum work together in collaborative association (Remillard, 2005). Clark and
Peterson (1986) indicated that teachers’ knowledge and strategies influence instruction.
Teacher inputs are needed to properly incorporate the new standards into instruction, and
in designing the intended learning experiences for their students. Thus, to have a deeper
understanding of the education reform implementation process, it is important for
education reformers to consider teachers’ thinking and their perceptions about standards,
coherence and assessment.
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Early literature on teacher planning found that teachers were inclined to refer to
textbooks when deciding on content they need to teach (Clark & Yinger, 1979). The
textbook as the main source of content is well established. For example, reforms in
mathematics education rely heavily on revised textbooks or curriculum materials to
initiate change in mathematics teaching (Ball & Cohen, 1996). However, studies have
found that teachers’ use of textbooks is highly subjective and teachers make tacit
decisions about what to read, and have varying interpretations of what the curriculum
material entails (Remillard, 2005).
Additionally, Beyer and Davis (2012) contend that “teachers’ interactions with
curriculum materials are mediated by their knowledge and beliefs about the subject
matter, teaching, and learning” (p. 131). Clearly, teachers’ perspectives as they interact
with curricular resources are essential to understanding curricular enactment and
particularly important in education reform. The enacted curriculum could be very
different from the intended curriculum.
Teachers’ work in classrooms is also an important consideration for this
dissertation. While teaching is an interactive activity that cannot be fully scripted, the
deliberations and instructional decisions that a teacher makes can be categorized.
Figure 2 shows a model of the teaching processes and teacher deliberations that happen in
classrooms. In this model, instruction starts with the students’ prior knowledge and
misconceptions (Kuhn, 1996; Chi, 2005; Smith, 2007). The teacher then decides on the
conceptual building blocks and the sequence of activities that is appropriate for the
students. The task or activity that the class engages in would ideally build on the students’
domain knowledge and would give students the necessary skills and understanding for
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the next stage of instructions. The students’ learning is monitored with appropriate
interventions and feedback until the learning goal is achieved. The process is repeated as
the student learns and moves on to more involved concepts. This model of teacher
deliberation and instruction implementation gives an indication of the planning that
teachers need to do and serves as a guide for the interview protocol.

Figure 2. Model of the iterative nature of teacher deliberations during instruction.
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Learning progressions
Duncan and Rivet (2013) defined science learning progressions as “researchbased cognitive models of how learning of scientific concepts and practices unfolds over
time” (p. 396). Learning progressions were proposed by several committees of the
National Research Council (NRC, 2006, 2007) as reform to shift traditional science
education from a curriculum of wide-ranging topics to a few core ideas that would offer
students depth in thinking and analysis (Corcoran et al., 2009).
Learning progressions are models of learning over time, mapping core ideas of a
discipline for an instruction module or for the entire course. They are bound by a defined
curriculum with specified standards and objectives. The levels in the learning
progressions could be regarded as stages or scaffolds for instruction. Learning
progressions need not be linear but may have multiple viable paths for student
development and learning.
Learning progressions are developed and validated through an iterative process.
Even between experts in a discipline, there are differing perspectives about organizing
themes, levels of progress, instruments/assessment items, and grain size of learning
progressions. The validation studies are varied in their approaches in determining the
relationship between a theoretical learning progression with what is enacted and
experienced in classrooms. Learning progressions are still very much a work in progress.
Learning progressions can be considered as a cognitive model as well as a map for
educational practice. Corcoran et al. (2009), Popham (2007a), and Heritage (2008)
suggested guidelines for how learning progressions could be constructed. Table 1 lists
their ideas.
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Table 1
Learning Progression as Cognitive Model and as Educational Practice
Role

Functions of learning progressions
(Corcoran et al., 2009; Popham, 2007a; Heritage, 2008).

Cognitive
model

• Identify ‘must-learn’ building blocks – pivotal stops
• List the progress variables that identify the critical dimensions of
understanding and skill that are being developed over time
• Focus on relationships between concepts – iteration of process –
continuity leading up to big ideas
• Identify the learning targets defined by societal aspirations, and central
concepts and themes in a discipline (Corcoran et al., 2009)

Educational
practice

• Draw up levels of achievement or stages of progress that define
significant intermediate steps in conceptual/skill development
that most students might be expected to pass through on the path
to attaining the desired proficiency
• Be flexible – no single, universally-accepted learning
progression – allow for student differences
• Include assessments that measure students’ understanding of the key
concepts or practices and track their developmental progress over time
(Corcoran et al., 2009)
• Construct learning progressions on the basis of some sort of backward
analysis (Popham, 2007a)
• Have appropriate grain size for the progression’s building blocks –
age/level appropriate (Popham, 2007a)
• Conduct analysis to form the framework for an optimally effective
formative assessment process (Popham, 2007a)
• Use formative assessment – collect evidence of students’ progress along
a planned progression rather than disjointed assessments (Heritage,
2008)
• Address misconceptions (Heritage, 2008)
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Learning progressions have been found to be invaluable in the development of
assessment systems and for tracking student progress (Heritage, 2008; NRC, 2006, 2007).
Ultimately, learning is a progression. Rather than having learning objectives as discrete
and distinct standards, expectations and benchmarks would be clearer if presented in the
form of learning progressions with core ideas, connection between ideas and the
organizing themes clearly depicted.
In order for teachers to assist students in their learning, teachers need to
understand the next level of achievement that needs to be attained. Explicit learning
progressions can provide the clarity that teachers need while ensuring continuity and
coherence in the instruction (Heritage, 2008). By itself, a learning progression is a
suggested learning road-map, which teachers still need to customize for their students and
for their specific context.
Background and Need for the Study
Schmidt et al. (2005) found that curriculum coherence is a predictive factor of
student learning as measured by the Trends in International Mathematics and Science
Study (TIMSS). The authors compared US science and math standards against the
standards of high-performing countries in TIMSS. They compiled ‘topic trace maps’ and
noted the commonalities in the standards for mathematics and science across the six topachieving TIMSS countries. The authors found that in more than 40 countries, the subject
standards shifted from elementary content topics to the more formal aspects of these
disciplines. This shift is implemented around the middle grades where the inherent
structure of the discipline became more pronounced. In comparison, the authors found
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that the US national and state standards for mathematics and science tend to be wide and
‘diffused’.
A 2002 examination of the US science standards revealed that there were too
many learning objectives, many of which lacked vertical coherence (Schmidt, Houang, &
Cogan, 2002). Corcoran et al. (2009) described the science curricula as ‘thin’, and that
they “attempt to cover too much in each grade, and this in turn has encouraged instruction
that focuses on coverage of topics rather than providing the careful scaffolding required
for students to develop integrated and sophisticated understanding of science content” (p.
12). This wide coverage of topics without careful vertical conceptual planning, meant that
students were not spending enough time linking ideas, gaining a better understanding of
concepts or engaging in complex cognitive tasks (NRC, 2007). Science curricular reform
in many countries focus on implementing learning experiences that would lead to
proficiency and career options in STEM. It is not the coverage of the domain that is
important but rather how the instructional design builds connections, reasoning and
application of the concepts in the domain. Research on effective science education starts
with mapping what students are capable of achieving at the different levels of the
instructional program (NRC, 2012).
The Next Generation Science Standards (NGSS) were developed based on
recommendations from an NRC report, A Framework for K-12 Science Education (NRC,
2012), which was submitted by a committee of practicing scientists, cognitive scientists,
science education researchers, and science education standards and policy experts. The
report proposed that there be an evidence-based foundation for science standards. The
NRC policy papers set the argument that the deliberate emphasis on disciplinary
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knowledge and connections between topics would foster a deeper understanding of
science and promote a higher order of thinking (Shepard et al., 2013). The sequence in
which these content elements are taught becomes pivotal in how the domain schema, and
thus, conceptual coherence is presented to the students. NGSS are at times described as
considered sequences of content elements or learning progressions.
In Singapore, there was a comparable policy initiative, ‘Teach Less, Learn More’
(TLLM), that was launched in 2005. Similar to the Next Generation Science Standards
(NGSS, 2013b) in the US, the policy in Singapore reduced content and focused on ‘deep
learning’ and on developing disciplinary practices. The argument supporting this policy
was that while Singapore had achieved a measure of success in educational benchmarks,
students may not be adequately engaged in the learning process. Without this engagement
and deep processing of concepts, students become passive learners, driven externally to
perform but are not necessarily inspired (Tharman, 2005). Part of the structural changes
that ensued was a ‘judicious’ 10–20% content reduction across subjects (MOE, 2005).
The ‘space’ afforded by this reduction, it was argued, would allow teachers to plan and
design lessons meant for stronger student participation with deeper and more connected
curricular structures (Ng, 2008).
NGSS and TLLM are recent education reforms. To achieve a more effective
implementation of reforms, policy makers and educational researchers have placed
increasing attention on the role of teachers. The early studies have found that reformers
focused on changing curricular materials and failed to anticipate that teachers might
misinterpret, ‘subvert’, and even ignore the unfamiliar curricula (Duffee & Aikenhead,
1992; Remillard, 2005). The authors noted that teacher–curriculum interactions are not
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straightforward processes, but are intertwined with other teaching practices and are
context bound. Teachers adapt the curriculum according to their own context and
knowledge. Policy makers and reformers, it was found, needed to appreciate the central
role of the teacher in classroom instruction, and analyze how teachers’ beliefs and views
or their experiences and knowledge affect the fidelity of reform implementation (Duffee
& Aikenhead, 1992).
In fact, Ball and Cohen (1999) considered the reform implementation process as
mostly a matter of teacher learning. In a review of teachers’ thought processes, Clark and
Peterson (1986) noted that the focus in research has shifted from teacher characteristics
and teacher action to the thoughts and reasoning behind teacher action. The current
science educational reform is to promote scientific literacy. The new curriculum
emphasizes conceptual coherence and a depth of thinking that a coherent curriculum
affords. This requires the teacher to play a more involved role in connecting core ideas
and encouraging scientific discourse. All the more, it becomes important to understand
teachers’ thinking.
Research has found that teachers’ thinking about content, teaching, and learning
does not change easily (Thompson & Zeuli, 1999). Teachers’ knowledge is built from
experience and gleaned from what had worked in their classrooms. Van Driel et al.
(2001) submitted that teachers’ conceptions change slowly by “picking up new materials
and techniques here and there, and incorporating these in their existing practice” (p. 141).
The authors suggested that education reformers engage teachers in conversations, not
only in examining high-level objectives and the vision of the education reform but also in
the themes, techniques and practice of the reform. As learning progressions have been
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endorsed by the research councils (NRC, 2006, 2007), teachers need to be involved in the
ideas and exercise of coherent sequencing as well.
The construct of learning progression is not new. Educational researchers have
been recording the development of children’s thinking over time as part of studies on
cognition. In proposing a theory of instruction, Bruner (1966) placed sequence and pace
of instruction as important curricular decisions. Bruner explained that,
… instruction consists of leading the learner through a sequence of
statements and restatements of a problem or body of knowledge that
increase the learner’s ability to grasp, transform and transfer what he is
learning. In short, the sequence in which a learner encounters materials
within a domain of knowledge affects the difficulty he will have in
achieving mastery (p. 49).
Learning progressions as part of the current education reform is seen as an
important design idea for instruction and assessment (Shepard et al., 2013). Learning
progressions are increasingly used as models for conceptual development, assessment,
psychometric scales, curricular sequencing, science standards and instruction. “Learning
progressions hold the promise of transforming science education by providing better
alignment between curriculum, instruction, and assessment” (Duncan & Hmelo-Silver,
2009, p. 606).
The Herrmann-Abell and DeBoer (2018) study on students’ conception of energy
analyzed results from over 300 multiple-choice test items administered to more than
20,000 students from grades 4 through 12. The study used Rasch models to provide linear
measures of student performance that place item difficulty on the same scale. Thus, the
authors were able to put together a composite picture/map of students’ growing
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understanding of energy over nine grades. They found that students’ progressions were
not along a sequence of discrete steps (from forms of energy to transfer of energy to
dissipation of energy and then to conservation of energy). Students found certain forms of
energy and transfer mechanisms more difficult to understand than others. The study
found that the elementary school students achieved a grade-appropriate level of
understanding, while the middle and high school students lagged behind their expected
levels of performance.
The research on learning progression is helpful to educators as it collates
empirical data on student responses and thinking. From their study, Herrmann-Abell and
DeBoer (2018) surfaced topic areas that students have difficulty learning. In another
study on learning progressions, Smith (2007) was able to document the shift in students’
conception about weight from the concrete to the abstract.
As a reference map for conceptual development, learning progressions can inform
on formative assessment and serve as a guide for formulating rubrics. The teacher can
monitor and assess students’ levels of understanding within the science unit, align that to
the pathways on the given learning progression and more accurately plan an intervention
(Corcoran et al., 2009; Duncan & Hmelo-Silver, 2009). Learning progressions can be a
useful pedagogical tool for teachers.
Most learning progressions still have to be empirically validated, a process that is
iterative, alternating between development and validation. However, progress levels
within each subject are hard to define and thus, harder to measure. Nevertheless, each
study adds better descriptions and insights into how students respond to instruction and
assessment. A few researchers, however, cautioned that a learning progression would not
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be an accurate cognitive model of learning over time, as it would be unable to account for
the diversity of students and circumstances (Shavelson & Kurpius, 2012; Sikorski &
Hammer, 2017). Bearing that in mind, teachers remain the best mediators between the
generic curriculum documents and the students that they teach. Teachers’ pedagogical
knowledge play a significant role in teachers’ adaptations of curriculum. Teachers’
beliefs and experience guide their curricular planning and decisions (Remillard, 2005). It
is important that teachers develop the capacity to customize these new curricular
materials to the needs of their students (Windschitl & Calabrese-Barton, 2016). Yet, little
is known about teachers’ perspectives of the new requirements and of learning
progressions.
Physics as knowledge, as a field of study and as philosophy, is highly structured
and often abstract. The organization of physics concepts and thinking has been the focus
of several studies. It is found that experts think and solve problems very differently from
novices (Bransford, Brown, Cocking, & NRC, 1999; Chi, Feltovich, & Glaser, 1981).
Experts have organized their knowledge in ways that reflect a deep understanding of their
discipline. They are able to discern features and meaningful patterns in the information
that are not obvious to novices. There is a structure and a hierarchy in the physics domain
schema. More importantly, this knowledge is categorized and ‘conditioned’ for context
and applicability (Bransford et al. 1999). To a certain extent, learning progressions cater
to this requirement for deep connected learning by emphasizing coherence over time.
In their study on the use of schema theory for the design of instructional
materials, Hewson and Posner (1984) found that an “absence of a conceptual framework
may contribute to the rapid loss of information often observed among many students
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shortly after their taking a test” (p. 119). In order to help students retain their knowledge
longer and in a more connected way, the authors suggested that students think of physics
as a study of change. The theme of change creates a ‘generative’ schema that will
organize old and new information. Themes, relationships and ‘storylines’ are important in
combining discrete ideas into more comprehensive and workable schemas. This
coherence is in part the rationale behind NGSS and TLLM educational reforms.
In a year-long study using video analyses of classroom teaching, Roth et al.
(2011) worked with 48 teachers to examine the effects of developing and using ‘science
content storylines’ on students’ science achievement. A science content storyline refers to
how topic concepts and activities in a science lesson or unit are sequenced and linked to
help students make sense of the topic elements and are thus able to ‘construct a story’ out
of them. This study follows an earlier one, Roth et al. (2006), that analyzed the TIMSS
1999 video study. The authors had found that in higher-achieving countries, teachers
“organized lessons in a way that resembled a storyline—with clear and explicit
connections made between the opening focus question, the science ideas, the activities,
the follow-up discussions of activities, and the lesson ending” (p. 120). Roth et al. (2011)
found that students in the treatment classes outperformed their peers, making more than
twice the gains in science knowledge. The authors believed that ‘storylines’ challenge
teachers to become more analytical about the science content and their teaching practice.
The ‘storylines’ underpin curricular coherence and remind teachers that disciplinary
schema is fundamental and intertwined with pedagogy.
Consequently, planning for and enacting coherent instruction is influenced by
(a) the domain structure (NGSS, 2013b), (b) standards and benchmarks (NGSS, 2013b),
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(c) validity of guiding documents such as learning progressions (NRC, 2007),
(d) knowledge of students’ readiness and preconceptions (Kuhn, 1996; Chi, 2005; Smith,
2007), (e) knowledge of teaching strategies and interventions (Shulman, 1986;
Windschitl & Calabrese-Barton, 2016), and most importantly, (f) at the point of
implementation, what teachers know and perceive of the first five factors.
Research Questions
The questions posed for this study on the perceptions of physics teachers in
Singapore about curriculum sequencing are:
Research Question 1. How do teachers perceive and interpret learning progressions?
1. How do teachers rationalize the curricular sequence of Kinematics and
Dynamics?
2. What relationships between topics determine this sequence?
3. Which sub-topic is particularly difficult for students?
4. Would the language of the standards affect the sequence? (descriptions of core
ideas or descriptions of performance expectations)
Research Question 2. How do teachers utilize learning progressions in their
professional decisions?
1. How do teachers incorporate learning progressions in their instruction?
2. What determines the duration of a curricular sequence?
3. How do teachers anticipate and intervene for misconceptions in the light of
learning progressions?
The goal of this research is to better understand how teachers as curriculum gatekeepers,
think about curricular coherence, and the principles that guide teachers in sequencing
program/unit level curriculum objectives.
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A Look at Singapore Educational Reform
This study was completed in Singapore, which is a small city-state of 5.6 million
people. The education system was based on the British GCE O’ and A’ examinations and
standards. The system has since evolved to facilitate local innovations in the programs
that the schools offer. The 359 schools in Singapore are under the purview of the
Ministry of Education (MOE) and most teachers obtain their teaching qualifications from
the National Institute of Education, Singapore.
In a review of Singapore’s educational structure and policies, Hargreaves, Shirley,
and Ng (2012) described five paradoxes that underpin the system. Two of these are the
paradox of control and the paradox of pedagogy. In the paradox of control, the
educational system is considered highly structured and closely tracked by the Ministry of
Education, while allowing for a level of autonomy and flexibility for schools to decide on
niches they wish to occupy and the programs that best fit their students. Major curricular
decisions such as subject offerings, schedules, assessments, and extra-curricular activities
are decentralized to schools and teachers. Only the main examinations at grades 6, 10,
and 12 are standardized. The Ministry is seen as maintaining overall control while
“encouraging flexibility and innovation” (p. 81).
To allow for this innovation, content areas were trimmed and ‘white space’ was
introduced into the curriculum. Up to 20% of school time was allocated for teacherdesigned curriculum. This paradox of pedagogy or ‘teach less, learn more’ (TLLM) as
the policy became known by, was implemented by the Ministry in 2005. Hargreaves et al.
(2012) suggested that teaching ‘less’ is actually more difficult, requiring skills and
constant adjustment. No doubt, ‘teach less’ is a euphemism for less direct instruction and
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more activity and discourse. Lim-Ratnam, Atencio, and Lee (2016) noted that under new
curricular agendas, the ‘control’ and management of the curriculum had potentially
shifted from ministerial oversight to schools.
TLLM requires teachers to review existing conventions and “to grapple with the
art itself, rather than to implement a policy in a compliant manner” (Ng, 2008, p. 12).
However, as Ng (2008) surmised, “teachers’ understanding and ownership of TLLM is
insufficient” (p. 12). Ng explained that there are weak incentives for teachers to change
their practices in their daily work routines. Hargreaves and Shirley (2011) found that
teachers respond more positively to curricular innovation when the change comes about
internally rather than being externally imposed. Lim-Ratnam et al. (2016) observed that
elementary teachers involved in their study had ownership over the new instruction
strategies. The authors found that “teachers come to negotiate change via their own
unique practices and perspectives” (p. 244).
This dissertation examined teacher knowledge as well as their thinking about
curricular sequencing. Under TLLM, teachers were given more curriculum space to
reflect on and customize the way they teach. This study informed on the variances in
teacher practice, given the greater autonomy in decision making with regards to the
curriculum.
Definition of Terms
The following terms and definitions are applied in this study.
Coherence: Coherence is the organization of contents according to the sequence
and continuity of learning, of a domain, over time (UNESCO International Bureau of
Education [UNESCO-IBE], 2013). It refers to conceptual building of knowledge and
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skills over the course of lessons, units, or years of instruction (NGSS Glossary,
https://www.nextgenscience.org/glossary).
Curriculum: Complete programs that comprehensively support the content goals
of a science class over large pieces of instructional time (e.g., semesters, years).
Curriculum includes all necessary components for instruction, such as lessons,
assessment opportunities, and teacher guides (NGSS Glossary,
https://www.nextgenscience.org/glossary). A school subject or course of study in which
the content is selected, organized, and transformed for social, cultural, educational,
curricular, and pedagogical purposes (Deng, 2011).
Disciplinary core idea: The fundamental ideas that are necessary for
understanding a given science discipline. The core ideas all have broad importance within
or across science or engineering disciplines, provide a key tool for understanding or
investigating complex ideas and solving problems, relate to societal or personal concerns,
and can be taught over multiple grade levels at progressive levels of depth and
complexity (NGSS Glossary, https://www.nextgenscience.org/glossary).
Independent schools: Independent schools in Singapore are granted autonomy in
their school curriculum, programmes, administration, staff recruitment, and salaries. They
are non-profit institutions that are heavily funded by the Ministry of Education. Student
enrollment in these schools is highly competitive and merit-based. The independent
schools charge a separate scale of fees from government schools, but most students in
independent schools receive government bursaries to offset costs. The schools are seen as
centers for innovation in the system. Some schools are specialized in particular subjects
such as sports, science or the arts.
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Master teacher: In Singapore, a master teacher is a formal appointment,
equivalent to a vice-principal. The appointment is in recognition of their track records of
pedagogical innovations and continued contributions to the teaching community. Master
teachers are not attached to schools but work at the cluster and national level to provide
pedagogical mentoring and leadership.
Pacing: Pacing in curriculum schedules, is the ‘speed’ at which a teacher presents
the concepts in a unit of study over time, or the timing and duration of activities within a
lesson. The end-goal of pacing is an effective use of class time while ensuring that
students learn. Pacing is primarily a method of organizing lessons in a way that maintains
student attention. Considerations for pacing include support for students’ learning needs,
selection of tasks and activities, transitions between these activities, and allocation of
time for assessments and review.
Performance expectation: The NGSS is not a set of daily standards, but a set of
expectations for what students should be able to do by the end of instruction (years or
grade-bands). So, the performance expectations set the learning goals for students, but do
not describe how students get there (NGSS Glossary,
https://www.nextgenscience.org/glossary).
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CHAPTER II
REVIEW OF THE LITERATURE
The purpose of this study is to explore teachers’ underlying assumptions and
thinking about what makes good curricular planning. The main principles guiding a
curricular sequence are that the order of topics, activities and instructional materials:
(a) meets the developmental needs of students, allowing students to build on their own
prior knowledge and preconceptions, and (b) are faithful to the nature of the discipline,
ensuring coherence between core ideas and providing the necessary rigor for real-world
application of skills. Teachers’ perspectives of curricular objectives and sequences are
important, as it is these perspectives that would be enacted in the classrooms.
The literature that informs this investigation into teachers’ professional
knowledge and thinking about curricular sequencing is focused on four main areas:
(a) the concept of curricular coherence; how it is conceived and how it is presented in
curricular sequences, (b) theories, empirical studies on and the rationale behind learning
progressions, (c) theories and empirical studies on the placement of student
misconceptions within a unit of study, and (d) theories and empirical studies on teacher
planning.
Curricular Coherence
Curricular coherence is an integral attribute of any well-organized and effectual
academic program (Schmidt et al., 2005; Shwartz et al., 2008; Sikorski & Hammer,
2017). There are two forms of curricular coherence. Vertical coherence is the
organization of contents according to the sequence and continuity of learning of a domain
over time. Horizontal coherence refers to the combined scope of, and the integration
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between different subjects within a particular grade or level (UNESCO-IBE, 2013). This
study explores the thinking of physics teachers in sequencing a physics unit of study, and
thus, curricular coherence in this paper refers to vertical coherence.
In an examination of US mathematics and science curriculum, Schmidt et al.
(2005), defined coherence as subject standards that are “articulated over time as a
sequence of topics and performances that are logical and reflect, where appropriate, the
sequential and hierarchical nature of the disciplinary content from which the subject
matter derives” (p. 528). From the perspective of science education, coherence is seen as
logical sequencing of concepts in a program of study with considerations for ageappropriate complexity and depth in which those ideas are examined and taught (AAAS,
2001a; Shwartz et al., 2008).
The sequencing of the subject topics is supposed to “follow a logical order based
on conceptual dependency inherent in academic disciplines” (Deng, 2015, p. 80). For
example, to understand speed, one has to have basic notions of distance and time. Only
then will the language of speed (e.g. kilometers an hour) have meaning. Subsequently,
from an internalized understanding of speed, the ideas of velocity and vectors come into
play when we consider speed in a fixed direction. The organizing theme running through
this example on velocity is the change of position of the object over time. Concepts
within a domain usually build on each other. Coherence between topics is made explicit
by relationships, important disciplinary themes, that run in and between concepts in the
topics. The topics are organized according to these disciplinary themes and there is a
hierarchy to this organisation (Shwartz et al., 2008). A basic proposition connects with
other ideas that are coherent with it, and the learner’s understanding of that domain grows
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as facts and other concepts are integrated. That understanding morphs into a network of
related knowledge (Anderson, 1984).
In a 1997 study, Newmann, Smith, Allensworth, and Bryk (2001) investigated the
effects of instructional program coherence on student achievement in 222 elementary
schools. The authors had defined instructional program coherence as the schools having
met three conditions (p. 299):
•

A common instructional framework that guides curriculum, teaching,
assessment, and a learning climate. Curriculum and assessments of students
proceed logically from one grade level to the next and offer a progression of
increasingly complex subject matter rather than repeating rudimentary
material previously taught.

•

Staff working conditions support implementation of the framework.

•

The school allocates resources such as funding, materials, time, and staff
assignments to advance the school’s common instructional framework and to
avoid diffuse, scattered improvement efforts.

The first condition deals with curricular coherence and the remaining two
conditions address the structures needed to support teachers in this endeavor. Newmann
et al. (2001) recognized the critical role of teachers in implementing a coherent
instructional program. Teacher knowledge and teacher planning will be discussed in a
later section of this literature review.
Newmann et al. (2001) made use of student achievement data from the Iowa
Tests of Basic Skills (ITBS) in reading and mathematics, school documents, a teacher
survey, and interviews. Coherence was scored from the teachers’ responses to survey
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items. They found that while the 222 schools on average had gains in test scores of 12% –
13% from 1993 to 1997, schools that declined in coherence lost ground. In contrast,
schools with improvements in coherence, gained in the test scores; 19% in reading and
17% in math. These gains were equivalent to about one month more schooling per year
compared to schools with no change in instructional program coherence.
A learning progression offers that coherent instructional sequence as envisaged by
experts. In a way, it prescribes how students should think about the discipline, and is an
externally imposed conceptual map. Coherence could also be from the perspective of
students, i.e. coherence in the students’ internally developing schemas. Teachers help
students construct their internal understanding, guided by an external map, the learning
progression. Presumably, curricular coherence would ensure that what students are
learning are built on what they have learned previously. This means that there needs to be
conscious effort to ensure that the content of each lesson would connect with student
readiness, which includes the students’ prior knowledge (Bransford et al., 1999;
McDermott, 2001).
Materials that reflect the rich interconnected understanding of experts may not be
suitable for learners (Roseman, Linn, & Koppal, 2008). At the implementation level,
adjustments to a proposed sequence need to be made to accommodate the differences in
student readiness. Teachers play this important role of customizing instruction to fit
students’ requirements as they are more familiar with their students’ learning needs.
Coherence then, could be seen as a distributed concept, very much dependent on student
readiness and aptitude, and teachers’ perceptions of readiness.
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This representation of subject coherence is similar to that of a domain schema.
Scott (2008) defined schema as knowledge structure of a concept, and these schemas are
“often arranged hierarchically, and affect perception, cognition, and memory” (p. 344).
The underlying idea behind schema theory (Bartlett, 1954; Anderson, 1984) is that
learners organize new information around their previously developed schemas, or
knowledge structures. Anderson (1984) stressed that knowledge is not a “basket of facts”
(p. 5) but is structured and represent the relationships between components. In early
literature on the structure of cognition, Bartlett (1954) offered that:
Schema refers to an active organization of past reactions, or of past
experiences, which must always be supposed to be operating in any welladapted organic response. That is, whenever there is any order or
regularity of behavior, a particular response is possible only because it is
related to other similar responses which have been serially organized, yet
which operate, not simply as individual members coming one after another,
but as a unitary mass (p. 201).
Educational researchers concur that a person’s knowledge is categorized and
structured, that it is actively engaged, and it responds to new information as a connected
whole (Bartlett, 1954; Anderson, 1984).
In a review of the cognitive conceptions of learning, Shuell (1986) connected the
notion of schema to the process of learning. He reasoned that learning is a process of
active reconstruction of existing schemas. Bransford and Franks (1976) suggested that
learning is not an expansion of knowledge but rather a change in the form of one's
knowledge. A student activates his current schema or prior knowledge when learning new
material. It is this prior knowledge that determines how a task is interpreted and what the
student potentially will understand and learn from the task (Anderson & Pearson, 1984).
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Hence, when we consider a multi-year curriculum, ideally what is learned in the
first year would become prior knowledge, and would support the learning of the next
year’s content. Thus, in planning a unit of study, it is advisable that the arrangement of
the content elements be aligned to disciplinary themes that run through the entire course.
It would help the students learn better, if there are logical themes or relationships
connecting the ideas being taught (Newmann et al., 2001). A coherent external map
would help the students develop a coherent internal map/schema and provide continuity
in how the subject is presented and taught.
In a widely-cited study, Chi, Feltovich, and Glaser (1981) investigated the
categorization and representation of physics problems by experts and novices. Experts
categorize problems by the laws of physics, and novices, by surface features. For instance,
when presented with a problem that had an object on an inclined plane, experts approach
the problem through considerations of the conditions of application (whether the object is
at equilibrium or is accelerating) before applying the relevant physical laws. Novices
approach the problem by noting the physical dimensions of the plane and the angle of
incline. The researchers noted that “for the experts, the early phase of problem solving (the
qualitative analysis) involves the activation and confirmation of an appropriate principleoriented knowledge structure, a schema” (p. 149). The novices too have their own schemas,
but the novices’ schemas had more declarative knowledge and lacked abstracted solution
methods. The implication of this finding for teaching and learning is that to help students
develop expert schemas, the themes and core organizing principles within physics could be
made explicit to students. Planning for curricular coherence would help educators develop
deeper and more connected structures and concepts in students.
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In a study that examined undergraduate students’ knowledge when reasoning
about problems in genetics, Duncan (2007) found that students use both general and
domain-specific knowledge. The researcher noted that the students used general
knowledge (that might not be specific to biology) as a form of ‘solution frame’ to provide
an initial explanation of the phenomenon. The students’ general knowledge formed a
logical framework for plausible explanations. These solution frames provided
‘placeholders’ for domain-specific knowledge such as key entities and relationships. By
themselves, the solution frames, however, were not sufficient for generating a domainappropriate explanation.
Duncan (2007) further categorized domain-specific knowledge into schemas and
heuristics. Rumelhart and Ortony (1977) (as cited in Duncan, 2007) defined “schema as a
packet of knowledge representing the meaning of a particular idea or concept, in a sense,
a data-structure for representing that concept” (p. 292). Duncan saw heuristics as ‘broadstroke’ guiding principles. Hence, if a schema is organized information about genetics,
then a heuristic is how that information is organized. An example of a heuristic in the
study is that genes-code-for-proteins. This is one main theme or idea around which
knowledge about genetics is organized. There were two other heuristics that were
considered in the Duncan study.
The analysis by Duncan (2007) highlighted two interesting findings. One is that
domain schema co-exists with a more generic logic framework/schema. The generic logic
frames how individuals would go about solving any task that is posed. It is however,
inadequate when used for solving problems in specialized domains such as genetics. In
the second analysis, the author made a distinction between schema and heuristics,
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highlighting the fact that there must be a theme or a disciplinary rationale, or a heuristic
that organizes the domain knowledge. It is reasonable to see that it is this idea of
heuristics, a domain theme that connects ideas and concepts, that makes instructional
material coherent.
Before any curriculum planning, any professional discussion, or any educational
research can be done on curricular sequencing, there has to be a common language to
define and discern what is to be taught. In schools, these curricular elements (content,
structures, and connections), are written as standards that benchmark scientific knowledge,
reasoning, and thinking for each grade and level. Standards describe the content to be
taught, the learning objectives to be met and the performance that is expected of students at
that grade level. For instance, Table 2 shows the syllabus objectives defining the concept of
weight as a force on an object in a gravitational field, as taken from the Singapore–
Cambridge examinations for physics at O’ Levels (Singapore Examinations and
Assessment Board [SEAB], 2017) and at A’ Levels (SEAB, 2016).

Table 2
Sample Learning Outcomes for Physics Program at Grades 10 and 12
Physics (Grade 10)
Singapore–Cambridge GCE O’ Level
(Syllabus 6091)

Physics (Grade 12)
Singapore–Cambridge GCE A’ Level
Higher 2 (Syllabus 9749)

State that a gravitational field is a
region in which a mass experiences a
force due to gravitational attraction.

Show an understanding of the concept of
a gravitational field as an example of field
of force and define the gravitational field
strength at a point as the gravitational
force exerted per unit mass placed at that
point.
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The grade 10 learning outcomes describe gravitational field simply as a region in
which a mass experiences a force due to gravitational attraction. In grade 12, the concept
of field of force is extended to electric and magnetic fields from a basic application of
field of force in gravitation at grade 10. There is an obvious hierarchy and connection
between the stated learning objectives in grade 10 and grade 12 physics.
Schmidt et al. (2005) emphasized that it is the nature and rigor of these standards
that define the level of coherence. If conceived properly, standards are a force that would
shape the curriculum and direct the method of instruction. The formulation of the Next
Generation Science Standards (NGSS) is a critical part of the reform to improve STEM
career readiness and to promote a basic understanding of scientific principles by the
general population.
Learning Progressions
Although a final and authorized curriculum may be conceptually coherent and
represent an informed and expert understanding of the domain, it may not be appropriate
for curricular purposes. Curricular coherence as discussed in the last section refers to a
conceptually connected sequence as well as adaptations to support students’ learning
needs. An ideal sequence would show the progression of how students’ understanding of
the domain matures over time, and the learning experiences and instructional scaffolds
that are needed for this to happen. A learning progression is that theoretical ideal
sequence, put together from existing research by content and educational experts. A
learning progression is what Popham (2007a) defined as a “carefully sequenced set of
building blocks that students must master en route to a more distant curricular aim. The
building blocks consist of sub skills and bodies of enabling knowledge” (p. 83).
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Learning progressions have been adopted by science education reform for the
development of a coherent science curriculum because learning progressions organize
science content to provide potential paths for students to develop understanding of a big
idea over time (Smith, Wiser, Anderson, & Krajcik, 2006; NRC, 2007). Specifically,
learning progressions in science are testable hypotheses, and with validation, they would
be empirically grounded on how, with appropriate instruction, students’ understanding of
core scientific concepts become more sophisticated (NRC, 2007). The processes of
developing and validating learning progressions make them very effective checks for
curricular coherence.
The philosophy behind learning progressions aligns with the belief that
understanding develops over time. Ultimately, learning is a progression, a series of
assimilations and accommodations of new knowledge. To develop an understanding of
scientific explanations of natural phenomenon, students need opportunities to work with
and develop the underlying ideas, and to appreciate the interconnections between them.
This knowledge gets more sophisticated with use and over time, usually over a period of
months and years, rather than weeks (NRC, 2012). Hence, learning progressions and
standards can be networked and mapped over years, from elementary school to high
school, and science teaching can move away from short, discrete and siloed units of
instruction (Pruitt, 2014).
Hess (2008) listed four guiding principles of learning progressions that underlie
the basis for their function:
•

Research informs how learning develops over time. Learning progressions are
developed and refined by incorporating research (e.g. cognitive science,
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development of subject-specific concepts, program evaluations).
•

Essential ideas, rules and concepts are articulated and mapped together to
characterize learning in that domain. Important concepts and essential
processes are the main nodes that connect learning across grades. Measuring
progress is only possible when core ideas are evident in the learning
progression (Wiggins & McTighe, 2005; NRC, 2007).

•

Learning progressions indicate and chart the movement toward deeper
understanding. While learning progressions need not be linear, there is a sense
of increased understanding by way of a more sophisticated schema or through
an increased ability to apply and transfer learning.

•

Learning progressions inform assessment and instruction. Learning
progressions of the appropriate grain size, are used in conjunction with lesson
design and with monitoring students’ progress (Heritage, 2008).

A well-constructed learning progression presents a supportive framework for
instructional planning (Heritage, 2008; Corcoran et al., 2009). It is in this ordered
description of important learning goals in the domain that will help teachers organize
their teaching units to reflect increasing complexity. Heritage (2008) noted that the
unifying themes between concepts in learning progressions would help teachers plan
formative assessments and rubrics that would guide students to the next stage of fluency.
Heritage saw learning progressions as helpful because of its vertical structure. The more
traditional standards and curricula tend to define learning horizontally rather than
vertically, in terms of grade and age rather than fluency.
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In Australia, research on learning progressions or progression maps in the
development of reading and mathematics have been established. The Australian Council
for Educational Research (ACER) jointly manages a reporting scale for reading and
mathematics, together with the UNESCO Institute for Statistics. The scales are based on
learning progressions of key skills, knowledge and understanding, and are used as
measures to describe, interpret and compare learning outcomes from different assessment
programs. The learning progressions and scales are “based on empirical evidence of skills
demonstrated at similar points in the development of reading and mathematics across
primary and secondary schools” (ACER, 2018).
Meiers et al. (2006) reported on a three-year longitudinal study involving 1000
children from 100 primary schools in Australia, who were tracked for their progress in
literacy and numeracy. A longitudinal study design was chosen so that patterns of growth
in literacy and numeracy can be identified. The study took repeated measures of student
achievement. Meiers et al. used common items embedded in each subsequent assessment
instruments to construct a measurement scale. The common items in the assessment tasks
served as calibration points allowing the measures to be equated vertically. As the
achievement scores can be placed on the same scale, a progress map could be constructed.
The assessment tasks that Meiers et al. (2006) administered were in one-to-one
interview situations conducted by the student’s own teacher (if possible). The task
involved using authentic texts and hands-on equipment. The cohorts’ performance was
collated and their scores given a percentile rank. The authors then mapped this
distribution of performance against the assessment items that the students were able to
accomplish. For instance, in survey five, done in the students’ third year, “students above
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the 90th percentile were able to estimate the number of blocks needed to fill a box.
Students in the 10th percentile could add two 1 digit numbers mentally” (p. 101). Literacy
and numeracy scales were constructed from the data, based on the Rasch model, which
uses psychometrics for creating measurements from categorical data. The scales indicate
the probability of correct responses for each item as function of instruction time, and
conveyed progressions of tasks/skills from easy to more complex.
Locating students’ achievements on the same scale over time offers various
analyses. First, an individual student’s growth over time can be described. Second, the
progress of groups of students can be compared over time. Third, the relative
achievement levels of particular cohorts of students can be identified at different stages or
grade levels. The study found that there was significant individual variation in the
performance at school entry, and subsequently, significant variation in the students’
developmental trajectories.
Figure 3 (Meiers et al., 2006, p. 106) shows the numeracy scale that was
constructed from the achievements recorded in the first three years of schooling. The
tasks/skills are listed in a hierarchical order on the left. The shaded bands represent the
middle 80% of students. The black line in the middle represents the median score for the
whole cohort. The scores indicate an upward trend with students being able to perform
more complicated tasks with instruction over time. The authors noted that the median
scores for numeracy in the November 1999 and March 2000 tests differed only by a little.
The period between these two tests included the summer holidays. The stability in scores
indicates that formal instruction supports learning and that an increasing proficiency in
numeracy for second graders is not merely a maturation process.
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Figure 3. Longitudinal Literacy and Numeracy Study (LLANS) - Numeracy scale
description and achievement distributions for the first three years of school (Meiers et al.,
2006). Reproduced with permission.
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Many of the investigations on learning progression are focused on validation. The
studies examined a range of science topics, for example, earth science topics such as the
water cycle (e.g., Forbes et al., 2015) and climate change (e.g., Breslyn et al., 2016),
physical science topics such as force (e.g., Alonzo & Steedle, 2009), and life science
topics such as genetics (e.g., Todd et al., 2017). The researchers analyzed how well
proposed learning progressions match actual teaching situations, and highlighted the
many difficulties they have with the very construct of learning progressions and with the
instruments for measuring coherence.
Breslyn et al. (2016) tested a hypothetical learning progression, modifying it with
each round of testing and then using these intermediate, ‘conditional’ learning
progressions until they arrived at a more stable form. The first iteration used a learning
progression of sea level changes as informed by the science community, NGSS, and the
Atlas of Science Literacy. The study was based on a 16-item questionnaire administered
to small groups. The participants were also required to provide reasons for their responses,
thus, making visible the qualitative differences in their thinking.
The total sample size was 95 middle school students and 77 undergraduate preservice teachers. The findings allowed the authors to add to the NGSS level descriptions,
elaborating on how understanding develops and changes qualitatively as learners become
more sophisticated in their thinking about sea level rise. For instance, a level one
performance for the cause and mechanism of sea level rise is “students identify global
warming due to the enhanced greenhouse effect as a cause of sea level rise” and for level
four is “students understand that sea level rise scenarios are based on thermal expansion
and terrestrial ice melt, and they are able to explain these factors using atomic-molecular
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models consistently” (p. 1485). Breslyn et al. (2016) found that each iterative cycle in the
validation study refined both the learning progression and the instrumentation, i.e. the
multiple-choice questions.
The processes of development and validation of learning progressions are interdependent. Each validation study adds to the body of knowledge about progression in the
topic, and there is a subsequent refinement of the original learning progression (Breslyn
et al., 2016; Alonzo & Steedle, 2009). The Todd et al. (2017) study is in fact the third
iteration. The authors built on a previous work in learning progressions on genetics (Todd
& Kenyon, 2016), which in turn had looked into validating assessment items based on the
Duncan, Rogat, and Yarden (2009) genetics learning progression. These studies on
genetics emphasized that the iterative cycle of empirical testing is required for revising
and refining the models. Formulating a learning progression is thus an iterative process
and learning progressions might always be work in progress.
Beyond just describing and sequencing content elements, science educational
research emphasize the importance of students engaging in scientific practices (Krajcik,
McNeill, & Reiser, 2007). In a slight departure from validating a content-based learning
progression, Forbes et al. (2015) explored how learning progressions can integrate core
content with the practice of scientific modeling. “Models of natural systems can aid in
‘explanation-construction’, embodying causal claims for system processes and serving as
vehicles for representation of verbal and written explanations” (p. 879).
In one of the modeling tasks (Forbes et al., 2015), students were asked to
construct a process model of the water cycle and explain the natural mechanisms driving
the processes. The students were guided by prompts such as “Where does the rain go
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when it reaches the ground?” (p. 902). The study design included the crafting of a set of
discernable levels that will place students’ performance along a trajectory of learning.
The sequence of elements within a process is critical in establishing the cause-effect
relationships that frame the study of natural phenomena.
Using data from clinical interviews with 30 third grade students from 6 classes,
Forbes et al. (2015) coded for epistemic features in scientific modeling such as
‘components, sequence, explanatory process, principle, and mapping’. Results from this
study indicated that elementary students were better able to explain visible interactions
between water and the geosphere, but were unsure of invisible processes such as water
movement underground. The authors found that most of the models drawn by the
students did not incorporate factors for changes of state or the mechanisms for the
movement of water.
The authors advised that there must be “discipline-specific epistemic entry points
for model-based curriculum and instruction” (p. 917). The findings by Forbes et al.
(2015) imply that it is advisable for the curriculum standards and sequences to include
and plan specifically for disciplinary practice. The NGSS standards are primarily contentbased and more research needs to be done to incorporate skills into existing learning
progressions.
In another study on learning progressions, Alonzo and Steedle (2009) investigated
the learning progressions of middle school students with respect to force and motion. The
learning progression the authors proposed for the study is for a single curriculum unit.
The authors reasoned that the unit on force and motion is important as it represents the
eighth graders’ first formal study of the subject, providing the conceptual grounding for
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the subject. They tested over two hundred middle schools students (pilot – 112 students,
first study – 44 students, second study – 64 students) using ordered multiple-choice
questions and open-ended questions. The study described the iterative process of
developing a force and motion learning progression as well as its associated assessment
items.
Alonzo and Steedle (2009) theorized that a learning progression would serve as an
interpretive framework for assessment. The study was to better understand the
affordances of assessment formats in determining students’ learning prgression levels.
Two assessment formats crafted for the study were: (a) ordered multiple-choice questions
and (b) open-ended questions.
A feature of ordered multiple-choice items is that they are linked to
developmental levels of student understanding and would thus facilitate the ‘diagnostic
interpretation’ of student responses (Briggs, Alonzo, Schwab, & Wilson, 2006). The
multiple-choice items were ‘ordered’, in that the distractors in the items represented
“(a) different levels of understandings and common errors expected of a student at a
given level, and (b) a student response that might be expected from an open-ended
version of the item” (p. 43). Each option in the multiple-choice item corresponded to a
particular level of understanding and the students’ responses would aid in the placement
of the students in the learning progression.
Alonzo and Steedle (2009) found discrepancies in the level of understanding
demonstrated between students’ responses to the ordered multiple-choice and their
responses to open-ended items. They attributed this discrepancy to a difference in details
and quality of the students’ explanations to open-ended versions. The authors concluded
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that ordered multiple-choice items are less ambiguous and are a more precise indicator of
students’ thinking than open-ended items.
Additionally, it was observed that the students were not consistent in how they
responded to similar problems set in different contexts. This inconsistency affected the
study’s ability to obtain reliable estimates of the students’ learning progression levels.
The researchers were concerned that the instability of students’ interpretation of terms
and their use of language raised validity issues for the learning progression. “If
understanding of words such as ‘force’ changed as students move through the learning
progression, it may be difficult to write items that have the same meaning for students at
different levels” (p. 418). The authors surmised that the inconsistency in student
responses would affect a reliable diagnosis of a student’s level of understanding.
In a critique of learning progressions, Sikorski and Hammer (2010) challenged the
very notion of a learning sequence, and current interpretations of ‘increasingly
sophisticated’ knowledge. They argued that while there have been several studies on
learning progressions, those studies “reflect a range of approaches and perspectives with
respect to assessing sophistication and conceptualizing progress” (p. 1). There is variation
amongst researchers on how progress is defined. Specifically, there is tension over
whether to focus on domain knowledge or on disciplinary practices in formulating a
learning progression.
Sikorski and Hammer (2010) reiterated that, to date, cognitive science and
science education research have conceptualized students’ knowledge as complex, diverse,
affect driven and embedded in the social and physical environment. These elements differ
from the neat structures of learning progressions. Thus, the authors cautioned against
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having learning progressions as an organizing concept for research, as that would narrow
perspectives that researchers have of how students learn.
In another critique, Shavelson and Kurpius (2012) perceived the unintended
effect of learning progressions imposing a direction on research findings. Although
the authors believed that learning progressions and associated research have the potential
to improve teaching and learning, they claimed that as a favored solution for education
reform, “learning progressions are especially vulnerable to data fitting” (p. 13). The
authors stressed the conjectural nature of learning progressions and cited the National
Assessment Governing Board (NAGB) in warning that learning progressions are “partly
hypothetical and inferential since long-term longitudinal accounts of learning by
individual students do not exist” (NAGB, 2008, p. 90).
Shavelson and Kurpius (2012) advised that research on learning progression be
taken with attention to the psychological analysis of cognition: (a) “What does it mean to
understand core ideas in science? (b) How can we use knowledge about cognition to
build instruction that improves the chances of all students learning at high levels?” (p. 7).
In addition, Shavelson and Kurpius emphasized the role of teachers in
implementing learning progressions. They argued that teachers need critical content
knowledge and a deeper understanding of learning pathways afforded by learning
progressions. Still, the authors noted that it would take time and an investment in
professional development, as is the case in all education reform.
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Preconceptions and Misconceptions in Science
One of the main principles of learning sciences is that students do not enter new
learning situations as blank slates; they bring with them a wealth of knowledge, from
common sense ideas, their cultural backgrounds and from their personal experiences
(Bransford et al., 1999). If a learning progression is a sequence of aligned building
blocks, then the subsequent blocks of enabling knowledge need to first align with
students’ prior knowledge and preconceptions.
According to Méheut (2012), preconceptions are generally defined as “opinions
or conceptions formed in advance of ‘true’ knowledge or experience. Thus,
preconceptions can be considered also as prejudices or biases in forming scientific
concepts. From the perspective of cognitive psychology, preconceptions can be defined
as learner’s biased schemas of objects and phenomena” (p. 153). Preconceptions refer to
naïve conceptions and may be undeveloped, but the ideas need not necessarily be wrong.
Misconceptions are beliefs that contradict accepted scientific knowledge but are
seemingly supported by common sense arguments (Kuczmann, 2017). The difficulty with
misconceptions is that they persist even with instruction (Chinn & Brewer, 1993).
McDermott (2001) contended that misconceptions are often symptoms of confusion at a
fundamental level and prefer to use the term conceptual difficulty.
Most science education researchers would agree that encountering contradictory
information is a very common occurrence when one is learning science. Students’ preinstruction beliefs are at odds with many of the scientific discoveries and laws of the
natural world. These preconceptions remain uninformed with respect to and may be in
conflict with the more abstract scientific theories taught in school (Driver, Guesne, &
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Tiberghien, 1985; McDermott, 2001). Chinn and Brewer (1993) went further to say that
encountering “contradictory information is at the heart of knowledge acquisition in science”
(p. 1). If certain preconceptions and misconceptions are common amongst students, they
can be anticipated, and targeted interventions can be incorporated into the unit planning.
Researchers have suggested that a teacher’s knowledge of common student misconceptions
could be significant to student learning (Shulman, 1986; Ausubel, Novak, & Hanesian,
1978). They contended that learning is as much about unlearning naïve conceptions that no
longer apply in a more sophisticated context, as it is about learning new ideas.
The interlinked structure of conceptual coherence infers that misconceptions in a
fundamental topic would affect the learning of subsequent concepts that require
understanding the earlier concept. Smith (2007) looked into how the development of
children’s concepts of matter involved restructuring their schemas. By assessing 42
eighth-grade students’ thinking about matter through individual interviews and written
tests, Smith found that the students had a more physical understanding of weight that
does not incorporate concepts of density. The students assessed the weight of an object
by picking it up and feeling the weight of the object in their hands. A one-kilogram bar of
steel might seem heavier than a one-kilogram bag of feathers. “The notions of ‘heavy’
and ‘heavy for size’ are conflated in one undifferentiated weight concept” (p. 346). This
preconception extends to the student’s generalized concept about weight in materials, in
equivalence and in ideas of floating and sinking.
Conceptual coherence refers to how well ideas and explanations fit together when
applied in ways that make sense to the student and in ways that avoid contradiction. Smith
(2007, p. 350) noted that “students who articulate a concept one way are more likely to
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articulate related concepts in ways that promote their fit with each other”. Students have
their own conceptual coherence even if their schemas are erroneous. The findings are
consistent with the concept of schema structure; there are ‘coherencies’ in students’
thinking about matter, size, and weight. After instruction, there is a restructuring of the
students’ schema as well as ‘coordinated patterns of change’ in the students’ thinking;
meaning that when the students understand the concept of density for materials, they also
consider this concept of density when they discuss the weight of an object.
The Smith (2007) study is notable in three ways. First, the instruction/
interventions moved the students’ default approach in analyzing objects from concrete
physical examination to a more abstract internal representation of matter as occupying
space and having a density. This added complexity in the students’ thinking and matched
the notion of an ‘increasing sophistication’ in student knowledge as required in learning
progressions. Second, changes in the students’ schemas altered patterns of thinking in
other related concepts. Understanding density would help students understand floating
and sinking. Mass, volume and density are supporting concepts that explain phenomena
and other concepts within a domain. The concepts are coherent with each other. Even
when there is a misconception, that erroneous idea extends to other concepts. Third, some
students showed resistance to changing their misconceptions even with direct instruction.
Smith (2007) found that for some students, the conceptual change occurred when the
students explored possible mappings in order to provide a good explanation for the
observed situation. This shift was aided by discussions that explicitly identified key
assumptions that needed to be re-examined.
It is important to reinforce key ideas and concepts, as the students’ understanding
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are new and tentative. Frank and Scherr (2012) explored undergraduates’ internal
conceptual coherence in physics and confirmed that students’ conceptions and schemas are
active and changing. The students’ understanding would only reflect the dynamic shifts
among competing explanations and schemas. The authors explained that “the stability of
student thinking need not be due to the existence of a robust belief or mental category, but
rather may be due to how real-time activity sustains patterns of thought” (p. 3). It is a
reminder that a learner’s schema is still being formed and that consistent and regular
presentation of a coherent knowledge structure would benefit the students’ learning.
Teacher Planning
Teacher planning and preparation are important practices to ensure effective
teaching and learning. The process may differ from one teacher to another, but essentially,
there are two main components to plan for: (a) the learning objectives such as themes,
purpose, and expectations, and (b) the plan for action such as lesson strategies and
activities, sequence and pacing (Peterson, Marx, & Clark, 1978).
In a way, planning for a lesson is like anticipating the events that will happen in
class. Joyce (1979) suggested that these ‘lesson images’ were nested within a still larger
construct called the ‘activity flow’. Teacher planning is a complex process with many
components. Teachers pose ideas of domain relevance to students, structure activities
around these ideas, and link the core concepts across and beyond the curriculum. In
addition, teachers need to value what the students bring to the classrooms, surface
students’ preconceptions, monitor student learning, and help them develop a deeper
understanding of the domain (McLaughlin & Talbert, 2006).
Clark and Yinger (1979) identified that teacher planning differed when teachers
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consider yearly, termly, weekly, daily, unit or lesson requirements and objectives. Teachers
reported that unit planning was the most important type of planning and lesson planning
was less important among experienced teachers. Planning for a unit increased the
probability of achieving specified learning objectives and provided a comprehensive guide
to the ‘teacher-student interaction’ for the duration of the unit (Clark & Peterson, 1986).
For many teachers, these initial curricular plans are not altered much, once they
have been made. In a review of teachers’ thought processes, Clark and Peterson (1986)
found that teachers define problems and plan the structure and sequence of instruction
before the lessons start or at the beginning of the school year, and teachers tend not to be
flexible about these plans. Many studies found that routines are well established in
teacher practices (Yinger, 1979; Shavelson & Stern, 1981). The researchers suggested
that established routines provide control, familiarity and structure in the lesson for both
teachers and students. Shavelson and Stern (1981) surmised that,
These images or plans are routinized so that once begun, they typically are
played out, much as a computer subroutine is. Routines minimize
conscious decision-making during interactive teaching and so ‘activity
flow’ is maintained. Moreover, from an information-processing
perspective, the routinization of behavior makes sense. Routines reduce
the information-processing load on the teacher by making the timing and
sequencing of activities and students’ behavior predictable within an
activity flow (Shavelson & Stern, 1981, p. 482).
Instruction is a complex event, and teachers need time to process and integrate
demands coming from curricular reforms, assessments, and a diverse student population,
consider effective teaching strategies and implement effective intervention strategies. As
part of a 2015 survey of 3,328 teachers across the US, Rentner, Kober, and Frizzell
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(2016) found that the highest percentage of teachers, 49%, indicated that having more
time to plan would help them in their day-to-day teaching. In another survey of over
50,000 teachers, Provasnik and Dorfman (2005) noted that 60% of teachers leaving the
profession listed a lack of planning time as a reason.
In the context of curricular coherence or learning progressions, teachers would
have to constantly connect the lesson content and activities to the larger relationships
between concepts. The students’ understanding of the domain is built on this coherence.
However, the research suggested that most teachers conceptualize the learning objectives
only at the initial planning stage (Clark & Peterson, 1986). Subsequently, these initial
deliberations would be incorporated into a teaching routine and become scripted. Smith
and Sendelbach (1979), in a case-study of four science teachers, characterized the process
of activating a unit plan as one of reconstructing the plan from memory, rather than
reviewing directions in the teacher’s guide or curriculum documents (as cited in Clark &
Peterson, 1986). Smith and Sendelbach then argued that this lack of reference between
the published curriculum and instruction created the possibility for omissions and errors
in the content of science instruction. Pre-established routines would certainly be in effect
if the syllabus and standards remain unchanged over a period of time. It is unlikely that
teachers have time to review or modify the broad learning objectives if the focus of the
lesson was on activity flow. Yet, to achieve curricular coherence, teachers have to make
the learning objectives and key themes explicit over the course of the subject unit.
In an early study of instructional content, Clark and Yinger (1979) found that
teachers, when deciding on content they need to teach, accept the textbook as the main,
and usually the only source of content. This implies that the extent to which the content
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objectives were transmitted, and the domain concepts learned, depended in part, on the
quality of the textbook. It does not help, as Pruitt (2014) noted, that while it was not the
intent of early science reform, “state science education standards have focused more on
discrete facts, such as the names and order of the planets, phases of mitosis, and only the
calculations involved with Newton’s Laws and stoichiometry as opposed to using any of
these facts to understand bigger concepts such as the Earth–Sun–Moon system, survival
of an organism, force and motion, and the law of conservation of matter” (p. 149). NGSS
in the US and TLLM in Singapore signal the policy shift from declarative knowledge
towards deeper understanding and application. This policy reform requires teachers to
probe, support and yet challenge students’ nascent understanding of the domain. Teacher
planning and instruction would have to go beyond just using textbooks.
Researchers have indicated that teachers’ knowledge and strategies influence the
content of instruction, the sequence of topics as well as the time allocations to content
topics (Smith & Sendelbach, 1979; Clark & Elmore, 1981). Teachers are the main
implementers of educational reform, new content standards or new policy objectives. The
objectives of educational reform function at the highest level of a program. In many cases,
these high-level objectives are not cascaded down to the classroom level. Given teachers’
necessary role in implementing reform, there has been little research on how teachers
perceive reform in general and curricular sequencing from a conceptual viewpoint in
particular. As Deng (2018) surmised, “the question of how a teacher transforms his or her
content knowledge into forms suitable for teaching has not been asked or fully
investigated” (p. 156).

59

Summary
A coherent program serves to build conceptual understanding of critical science
ideas. Curricular coherence is achieved when topic sequences and the pacing of the
instructional program are aligned to how students would naturally learn the unit. Students
are required to connect new ideas to existing knowledge and understand how various
concepts relate to one another (NRC, 2007). Coherence is depicted as an interlinked map
of the concepts germane to the domain. The map structure is hierarchical, with basic
concepts building to more complex ones. Coherence could be viewed as external to the
learner as an imposed disciplinary structure formed through a consensus between experts
in the field or coherence could be internal to the learner in how the learner sees
connections and patterns within the domain. Thus, a learning progression, a construct of
performance expectations and policy objectives, would function like ‘external’ roadmaps
for building that internal knowledge schema in learners.
The validation studies for the subject-based learning progressions indicate the
complexity and difficulty in defining and measuring progress levels. Curricular
coherence is context specific. Standards as benchmarks, expectations and coherence need
to be interpreted for relevancy in each unique educational context. Teachers are the main
agents for that customization. Teachers’ perceptions and understanding of coherence and
standards play a critical role in the quality of the instruction, and whether the instruction
fulfills the goals and vision of NGSS and TLLM. Clark and Peterson (1986) indicated
that teachers’ knowledge and strategies influence instruction. Given teachers’ important
role in transmitting the intended objectives, there has been little research on how teachers
perceive curricular sequencing from a conceptual viewpoint.
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CHAPTER III
METHODOLOGY
The purpose of this study was to explore teachers’ underlying assumptions and
thinking about what makes good curricular planning. One aspect of this planning was the
sequence and pacing of content elements within a unit of study. Learning progressions
refer to conceptually coherent sequences and are currently part of the language of science
education reform. There were two research questions in this study: Research Question 1.
How do teachers perceive and interpret learning progressions? Research Question 2. How
do teachers utilize learning progressions in their professional decisions?
Research Design
This study examined teachers’ understanding of curriculum planning, their
experiences in teaching units of study, their thinking about the relationships between
topics and their perceptions as to what might constitute effective curricular sequences.
These ideas and perspectives would be unique to the individuals, their particular
experiences and context: be it their number of years in teaching, the characteristics of
students in their classes or the particular charter of their schools. Krathwohl (2009)
suggested that qualitative procedures would be suitable for research that involve
determining how individuals make meaning and perceive value and consequence.
In their review of research literature on teachers’ thought processes, Clark and
Peterson (1986) noted that, “Planning is challenging to study because it is both a
psychological process and a practical activity” (p. 260). They suggested using methods of
cognitive psychology or phenomenological/descriptive approaches to research teacher
planning. The teacher takes on a role as informant or even as research collaborator.
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For this study, qualitative methods were deemed appropriate for understanding
decisions of practitioners who have varied personal characteristics, in varied situational
context. In qualitative inquiry a general explanation of the process or interaction is
shaped by the views of a large number of subjects (Merriam & Tisdell, 2016). Qualitative
techniques and practices would guide the researcher in collating and organizing the
teachers’ reality and perceptions into explanations for the processes and mechanisms of
their work in sequencing and structuring lessons.
Data were obtained through in-depth interviews with physics teachers on their
professional thinking and judgment on the sequencing of lesson objectives in the
Mechanics unit. There are 13 specific instructional objectives in the Kinematics and
Dynamics section of the GCE O’ Levels physics syllabus. The GCE O’ Levels
examinations is a standardized test taken by students at the end of the 10th grade. In
Singapore schools, the Kinematics and Dynamics sections of the Mechanics unit are
usually taught over seven to twelve weeks or in 20 to 35 hours of curriculum time. The
physics syllabus details content and performance objectives that is meant to be covered
over two years, that is for grades 9 and 10 (full syllabus in SEAB, 2017).
Task-based, semi-structured interviews were used to explore views, experiences,
and motivations of individual teachers as they craft or analyze the curricular sequences
of the Mechanics unit. The tasks (see Table 3) provided structure and a consistency to
the interviews while allowing for flexible questioning that involved theory building. The
tenets and methodologies of qualitative research and task-based interviews (Goldin,
2000) were adopted and are discussed in Appendix A.
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Table 3
Tasks Implemented in the Semi-Structured Interviews
Task

Process and activity

1

Sorting and sequencing learning objectives for Kinematics and Dynamics.
Explaining the relationships linking the sub-topics.

2

Thinking through and talking about the disciplinary themes of learning
progressions (using performance objectives or descriptions of disciplinary
core ideas).

3

Allocating a timeframe to the sequence.
Positioning common misconceptions within teacher’s own arranged
learning progression and suggesting reasons for why these misconceptions
might occur and how to rectify them.

Researchers studying science education have observed that student
preconceptions and misconceptions are common and pose difficulties for science learners
(Chinn & Brewer, 1993; Kuczmann, 2017). Hence, for this dissertation, teachers were
also asked for the placement of common student misconceptions in Mechanics and to
explain how these misconceptions might be addressed or avoided.
A review of the qualitative methods that have impacted the thinking and design of
this dissertation is in Appendix A.
Population and Sample
The sample population comprised teachers who teach physics at grades 7 to 12, in
Singapore schools. The 20 participants included experienced teachers who have taught
for at least 10 years and beginning teachers with less than three years of service. All
participants were physics or engineering graduates, and all had post-graduate
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certifications for teaching. The teachers and education officers sampled were from
government schools as well as independent schools that have greater autonomy on the
curriculum. Thus, the analysis looked for differences and similarities in the teachers’
responses in terms of their experiences and in terms of the schools they teach in. As part
of the investigation, there was a pilot phase in which interviews were carried out with two
physics master teachers from the Academy of Singapore Teachers. Master teachers are
not attached to schools but work at the cluster and national levels to provide pedagogical
mentoring and leadership. The pilot interviews provided expert feedback from the master
teachers and advice for the study. A total of 22 teachers (13 male teachers and 9 female
teachers) participated in this study (N = 22).

Table 4
Description of Sample

Teaching
experience

Physics
master
teachers
n=2

Teachers in
government schools
n = 11
Secondary

Junior
College

1 to 3 years

3

1

5 to 15 years

5

1

more than 15
years

2

1

Teachers in
independent schools
n=9
Secondary

Total N = 22

Junior
College

4
4

4

10

1

8
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Protection of Human Subjects
To ensure the protection of the subjects’ rights, approval from the Institutional
Review Board for the Protection of Human Subjects (IRBPHS) at the University of San
Francisco was sought. Additionally, prior to the interviews, applications to the Ministry
of Education, Singapore for consent to the interviews and study were made. All subjects
were informed of the purpose of the study and how the results of the study would be used.
Subjects were informed that they have the right to refuse to participate or to withdraw
from the study at any time. The subjects’ names and information were kept confidential.
All transcripts and effects arising from the teachers’ interviews were sent to them for
their concurrence before the data were used. After the analyses were done, the coded
interviews were sent to the teachers to ensure that their positions were correctly
represented.
Instrumentation
The interview consisted of three tasks and flexible questioning that served to bring
out teachers’ thinking and their rationale on what makes effective curricular sequencing.
The protocol of each task is detailed in the sections below.
Task One – Sequencing Kinematics and Dynamics topics using lesson objectives
Using specific instructional objectives (see Appendix B) as topic descriptors,
Task One required teachers to sort lesson objectives in Kinematics and Dynamics in a
conceptually hierarchical order, with the simpler, foundational lesson objectives at the
bottom. The arrangement need not be linear and could be networked or branched
depending on whether (a) the lesson objectives are deemed to have the same conceptual

65

level, or (b) the lesson objectives are thematically different and do not belong on the
same branch.
The interview questions were drawn from the research questions. The connections
and relevance of the interview questions to the research questions are presented in the
section on Data Analysis. The teachers were asked these questions during the Task One
stage of the interview:
1. There is no right or wrong order of themes. What guides you as you are
sequencing these sub-topics?
2. What relationships between sub-topics determine this sequence?
3. What are your own thoughts and questions about this exercise?
As advised by Charmaz and Belgrave (2012), these questions overlap to “allow
the interviewer to return to an earlier thread in order to gain more information, or to
winnow unnecessary or potentially uncomfortable questions” (p. 352). The interview
questions for Tasks Two and Three were also made to overlap for this reason.
Task Two – Inserting disciplinary core ideas into the teacher’s own sequence
Another type of curriculum descriptors are disciplinary core ideas (DCIs). These
descriptors are employed in the Next Generation Science Standards (NGSS, 2013b) and
describe key concepts that have broad importance across the discipline (DCIs used in this
study are listed in Table 11). The inclusion of DCIs in this study was to observe if these
broader and more explanatory descriptors of the curriculum topics would influence the
teachers’ perception of their learning progressions. A comparison between the two types
of descriptors (specific instructional objectives and disciplinary core ideas) is given in
Table 5.
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Using disciplinary core ideas as topic descriptors (see Appendix B), Task Two
required teachers to insert these core ideas into their own sequences, in places where the
disciplinary core ideas were being taught. This could be in more than one location for
each core idea and the core ideas could also overlap.
Guided by the research questions, these questions were asked during the Task
Two stage of the interview:
1. Specific instructional objectives and disciplinary core ideas both define
science standards. What might be the differences between specific
instructional objectives and disciplinary core ideas?
2. Would the specific instructional objectives encompass the principles behind
the core disciplinary ideas?
3. Would the language and focus of the standards affect the sequence? Are there
changes to the sequence that you wish to make?
Task Three – Locating common misconception(s) and determining sequence duration
In Task Three, teachers were asked to indicate a timeframe to their curricular
sequence. What might constitute enough time for students to learn the concepts?
Subsequently, teachers were asked if students have any difficulty or misconceptions in
Kinematics and Dynamics. What might these misconceptions be and where would they
be located in the curricular sequence that they have crafted?
To help the discussion, two common misconceptions were used as back-ups.
These two suggested misconceptions came from discussions with master teachers during
the pilot study. Alternatively, misconceptions from an established physics inventory
(Hallouin & Hestenes, 1985) could be used. Examples of these misconceptions are:

67

•

Rest is the natural state. No force acts on a body at rest.

•

A force is needed to keep an object moving at a constant speed.

•

The speed of an object is equal to the force of pull.

•

There is no motion in a vacuum, as gravity does not act in a vacuum.

The teachers were asked these questions during the Task Three stage of the
interview:
1. How long would it take to effectively teach these topics? If possible, please give a
value for a class with a faster pace of learning as well as for a class that needs
more time for consolidation.
2. Which sub-topic is particularly difficult for students? Why and what are their
specific problems?
3. What misconceptions are likely to occur, and where in the sequence, might they
occur? What interventions might be needed for these misconceptions?
4. How might a learning progression be useful for you?
To aid communication and to maintain a consistency in the tasks, terms and
visuals used in the interview were discussed and defined. Scoping and defining these
parameters benefited the data collection and its analysis. The parameters were
(a) representations of curricular sequencing, (b) granularity, (c) descriptors of the topic
and sub-topics, and (d) duration of unit/curriculum pacing.
Curricular sequencing
The teaching sequences of a topic as arranged by the teachers were represented by
a learning progression. Learning progressions define progressive levels within a domain
that describe developmentally appropriate steps toward more sophisticated understanding
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of the domain (Shin et al., 2009). Learning progressions are not set in stone, but they
represent our best knowledge to date. In this study, it was important for the learning
progression to specify not only the sequence in which the teachers guide their students to
develop the more advanced concepts, but also how the teachers connect ideas, how they
reason, and how they use those ideas within the intervening topics. An example of a
learning progression on floating and sinking is shown in Figure 4. The progression builds
up from the more fundamental concepts below, following a vertical format as
exemplified by learning progressions in the Atlas of Science Literacy (American
Association for the Advancement of Science [AAAS], 2001a).

Interaction/
Forces

Buoyancy

Concept/
Derived Quantities

Concept/
Basic Quantities
Physical
Features

Density

Mass

Displacement
of water

Volume
Presence
of air

Material

Shape

Figure 4. An example of learning progression for teaching floating and sinking.
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Granularity
The ‘grain size’ of a learning progression can be thought of as the scope of the
content to be taught. It could be a sub-topic or a unit of instruction or a whole year’s
module or the entire course. A unit of instruction is considered to have several supporting
ideas that are conceptually coherent. Learning progressions are usually sequences of a
‘larger grain’ as they are meant to show the relationships between concepts over time.
This ‘larger grain’ would be a more involved topic or a more abstract concept that needs
to be built up to. For the expert or experienced teacher, unit planning has been reported as
the most significant level, followed by weekly and then daily planning (Clark & Peterson,
1986; Clark & Yinger, 1988). The interviews for this study were on sequencing the
lesson objectives in Kinematics and Dynamics, which is at the unit level. Thus, the
prescribed tasks for this interview were suitable for the teachers. Goldin (2000) had
advised that tasks for research interviews should be accessible to subjects so that they
might perform comfortably or ‘represent meaningfully’. In Singapore schools, the
Kinematics and Dynamics sections of the Mechanics unit is usually taught over seven to
twelve weeks or in 20 to 35 hours of curriculum time. There were sufficient intermediate
learning goals in these topics to allow for variation in the teachers’ constructed sequences.
Descriptors of topic and sub-topics
Two sets of topic descriptors were used for the task-based interviews. They differ
in the phrasing and in intent. The first set was expressed in terms of specific instructional
objectives or learning goals for the students. The second set consisted of rationalizations
of the concepts or statements denoting the core ideas in the discipline. Both sets of
descriptors (see Appendix B) are how science standards are defined. Table 5 further
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elaborates on the two types of topic descriptors.
Table 5
Definitions of Topic Descriptors Used in Tasks
Topic
descriptors
Specific
instructional
objectives
Similar
terminology are
learning goals /
lesson
objectives /
performance
expectations /
assessment
objectives
Disciplinary
core ideas
Enduring
understandings

Definitions and examples
Lesson objectives or performance expectations “state what students should be
able to do in order to demonstrate that they have met the standard, thus providing
the same clear and specific targets for curriculum, instruction, and assessment”
(NGSS Lead States, 2013a).
The lesson objectives are not a set of instructional or assessment tasks. They are
statements of performance standards expected of students at the end of the unit.
Teachers are familiar with the wording and context of these lesson objectives as
the syllabus is presented in this language.
An example of a lesson objective is “Student should be able to plot and interpret
a displacement-time graph and a velocity-time graph” (SEAB, 2017, p. 9).

Disciplinary core ideas are “fundamental ideas that are necessary for
understanding a given science discipline. The core ideas all have broad
importance within or across science or engineering disciplines, provide a key
tool for understanding or investigating complex ideas and solving problems,
relate to societal or personal concerns, and can be taught over multiple grade
levels at progressive levels of depth and complexity” (NGSS Lead States,
2013b).
Similar to ‘enduring understandings’, disciplinary core ideas are statements
summarizing important ideas and core processes that are central to a discipline
and have lasting value beyond the classroom (Wiggins & McTighe, 2005).
An example of a disciplinary core idea is “The motion of an object is
determined by the sum of the forces acting on it; if the total force on the object
is not zero, its motion will change. The greater the mass of the object, the
greater the force needed to achieve the same change in motion. For any given
object, a larger force causes a larger change in motion. (MS-PS2-2)” (NGSS
Lead States, 2013c).
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Duration of unit / curriculum pacing
In this study, the duration of unit refers to the amount of curriculum time that is
needed to teach the topic optimally. That length of time, however, would vary, depending
on the readiness of each class. It would also depend on the nature of the activities and
formative assessments that the teacher gives. For the interview, the teacher estimated the
instructional time needed to cover the stipulated specific instructional objectives for their
classes. The teacher were also asked to reflect if the learning progressions that they had
constructed, needed to be changed to accommodate students with higher or lower pace of
learning, and what those changes were.
Validity and reliability
In traditional assessments, content validity refers to the extent to which an
assessment procedure adequately represents the content of the assessment domain being
sampled (Popham, 2007b). Merriam and Tisdell (2016) defined validity in qualitative
research as the ‘appropriateness’ of the tools, processes, and data. This means that the
choice of the methodology is appropriate for the research question, the design is valid for
the methodology, the sampling and data analysis is appropriate for the purpose, and
finally the results and conclusions are valid for the sample and context.
In this study, due diligence was given to these four areas (methodology, design,
sample, and analysis). Qualitative methods were adopted because of the complexity of
practice and the varied experiences of the subjects. The design incorporated tasks to
ensure consistency and to adhere to the language of established science standards and
representation as advised by Goldin (2000, Appendix A). The sample was localized to
physics teachers in Singapore. The data analysis followed recommended guidelines for
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qualitative methods and are elaborated on in the analysis section of this paper.
Reliability refers to the extent to which research can be replicated with the same
results (Popham, 2007b; Merriam & Tisdell, 2016). While reliability can be computed in
quantitative research, there isn’t an equivalent measure for qualitative research involving
interviews. Thus, to provide a degree of objectivity and fidelity in the data collection and
analysis, member-checks and a reflexive approach are adopted. Reflexivity is the process
of examining oneself as researcher, being aware of situational dynamics and the
researcher’s personal preconceptions during the research process (Charmaz & Belgrave,
2012).
This study attempted to meet both the validity and reliability criteria as much as
the design and sample could offer. First, pilot interviews were conducted to test the
questions and the tasks for viability and to note the duration of the interview. In total, two
pilot interviews were trialed with experienced physics teachers. Feedback from these
teachers allowed for the interview protocol and/or tasks to be adjusted to better meet the
objectives of the study. Engaging with other researchers and teachers also reduced
research bias.
Second, for consistency, the same three tasks were applied and similar questions
were asked of each subject. The questions posed were functional and objective, and care
was taken to avoid leading statements. Third, subjects were invited to review the
transcript and graphics from the interview to verify that their ideas had been correctly
represented. Fourth, the subjects were also requested to review the coded interview which
included the analysis and interpretations of their ideas as well as the diagrammatic
representations of their learning progressions.
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Wolcott (1990) advocated that because the researcher’s role is such an integral
part of the qualitative study, the researcher has to be critical of this role and the subjective
assessment of the data. He recommended that the researcher’s presence be acknowledged
in the reporting. The researcher took memos and fieldnotes during the data collection.
Procedures / Data Collection
Theory-building emerges through the simultaneous and iterative data collection,
analysis, and memoing processes. The procedures listed below were accompanied by
memo writing. In memoing, the researcher writes down ideas about the evolving theory
throughout the data procedures in an effort to discover patterns. Charmaz and Belgrave
(2012) offered that memo writing helps define the properties of the emerging category;
specifying the conditions when this category is manifest as well as describe its
consequences and relationships. Memoing is the important intermediate step that moves
the analysis forward and could take the form of analytic statements or the researcher’s
personal perspective of the process. Procedural steps for this dissertation were:
1. Conducted a pilot interview to test the tasks and questions before the proposal
defence. The participant was a physics lecturer in a community college who was
also a doctoral student at USF. Adjustments to the interview protocol were made
accordingly.
2. Upon successful defence of the proposal, applied to the University of San
Francisco Institutional Review Board for the Protection of Human Subjects.
3. Once IRBPHS approved the study, informed the Ministry of Education, Singapore
(MOE), of the study and applied to interview the teachers.
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4. Once approval was given, conducted two more pilot interviews with master
teachers in Singapore. This was to situate the interview protocol in the Singapore
context. Questions and tasks were adjusted accordingly.
5. Invited teachers to participate in the study. The purpose of the study was
explained in the invitation. The interview questions were attached to the invitation
and are listed in Appendix C. Participation was strictly voluntary, and
confidentiality was ensured. The participant’s consent form for the study is
attached in Appendix D.
6. Conducted the task-based interviews and carried out concurrent analysis of data.
Each interview lasted about 45 to 80 minutes. Transcripts of interviews were sent
for validation by the subjects within a month of their interviews.
7. Collected relevant information of the teacher: gender, number of years teaching,
number of years teaching physics, professional qualifications, physics classes,
grade and stream currently teaching, number and types of schools they have
taught in.
8. Categorized the themes and codes, and carried out analysis of data.
9. Conducted second member-check. The subjects were invited to review the coded
interview which included the analysis and interpretations of their ideas as well as
diagrammatic representations of their learning progressions.
10. Determined the patterns in the data and reported on the findings.
Table 6 shows the timeline for this study. As the participants were volunteers, the
interview period for teacher participants was scheduled to include the June semestral
holidays to accommodate the teachers’ work commitments.
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Table 6
Study Timeline
Month, 2019

Completion of tasks

February

Approvals from IRBPHS and MOE

July

Interviews with 22 teachers with transcriptions and memberchecks.

November

Analysis and write-up.
Data Analysis

In qualitative research, the collection of data and its analysis is done
simultaneously. With each subsequent interview, the themes become clearer and more
defined. The focus of the interview is on understanding and identifying the core themes
that guide teachers as they sequence learning objectives for instruction. The process of
data collection and analysis is intertwined and dynamic. Merriam and Tisdell (2016)
described the process as moving from an inductive approach at the beginning to a
deductive approach at the end. At the beginning of the study, tentative categories
explaining the data are surfaced. As more data come in from the interviews, these themes
and categories become consolidated.
As you collect and analyze more data, you begin to check whether
categories derived from earlier data hold up as you analyze subsequent
data. As you move further along in the collection and analysis, some
categories will remain solid and others will not hold up. As you get toward
the end of your study, you are very much operating from a deductive
stance in that you are looking for more evidence in support of your final set
of categories. By the time you reach a sense of saturation — that is, when
nothing new is coming forth, you will be in a deductive mode (Merriam &
Tisdell, 2016, p. 210).
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In task 1 of the interview, teachers were asked to sort and sequence the specific
instructional objectives (SIOs) for Kinematics and Dynamics in the order that best help
students learn. They were then asked to explain the relationships that link the objectives
to one another. A visual of one teacher’s arrangement is shown in Figure 5.
For each interview, the data obtained from the task 1 consist of an arrangement of
the SIOs and the audio taped explanations and responses. As each interview was
completed, the order of the specific instructional objectives (SIOs) as arranged by the
teachers were mapped and analyzed for patterns with respect to two dimensions; years of
teaching experience and type of school (government, independent or junior college). The
interview transcripts were closely read. The recurrent themes that emerged from the
transcripts were evaluated and analyzed across interviews. The artifact from Task 1 and
its concurrent interview informed on the codes for both research questions 1 and 2.
In task 2 of the interview, teachers were asked to place disciplinary core ideas
(DCIs) into their own learning progression by connecting each DCI with the SIOs. (See
Figure 5). Similar to the data analysis for Task 1, the physical arrangement of the DCIs
were collated and analyzed.
Task 3 of the interview required teachers to estimate a duration for the effective
instruction of Kinematics and Dynamics based on their arranged learning progressions.
The teachers were also queried on common misconceptions and where these might occur
within the teacher’s own sequence of topics.
The average positions of the SIOs and DCIs were calculated and analyzed. For
data that could be quantified, frequency tables were presented. These tables and findings
are explained in chapter 4. The audio responses were evaluated for themes and codes.
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Figure 5. Image of the topic sequence as arranged by teacher #20. The white slips
reference specific instructional objectives (Task 1) and the yellow slips reference
disciplinary core ideas (Task 2).
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Coding the interviews
The learning progression sequences and the interview transcripts formed the two
main categories of data for this study. Each of the ‘raw’ arrangements (Figure 5) was
rendered into a schematic that incorporated elaborations and descriptions gleaned from
the respective interview transcripts. Figure 6 shows the rendered learning progression
schematic (based on SIOs) for teacher #20. The blue cells describe Kinematics SIOs and
the pink cells describe Dynamics SIOs. The green cells indicate the prior knowledge that
the students were expected to have before this unit. An analysis of the learning
progressions is presented in Chapter 4.

Figure 6. Schematic of the SIO-based learning progression as arranged by teacher #20.
Green cells denote prior knowledge. Blue and pink cells denote Kinematics and
Dynamics SIOs respectively. Basic concepts are placed below.
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The learning progressions and the interview transcripts were analyzed and coded
along the themes of inquiry of the research questions. The interviews were first analyzed
as responses of individual teachers, documenting the practices and perceptions of each of
the 22 teachers. From this exercise, a preliminary set of themes and codes were
formulated. Then, thematically similar responses across interviews were collated and
analyzed for commonalities and differences within said theme. These themes and codes
were reviewed and revised as more interviews were conducted, until a relatively stable
set of themes and codes were achieved. (See Appendix E for samples of coding and data
collation.)
Research Question 1. How do teachers perceive and interpret learning
progressions? This study investigated the teacher’s rationale, and the conceptual themes
that guide the teacher’s arrangement of specific instructional objectives (Task 1). It
probed the perceived relationships between topics and the logic behind how transitions
between topics are made.
The teachers also discussed how disciplinary core ideas compare with specific
instructional objectives in defining the physics curriculum (Task 2). Codes were
constructed from the research question and from ‘close-reading’ of the interview
transcripts. In the course of the interviews and their analysis, these codes were
continuously reviewed for insights and patterns of practice before being modified for fit.
Table 7 lists the final set of codes for Research Question 1.
Research Question 2. How do teachers utilize learning progressions in their
professional decisions? The study explored the teacher’s general strategies when
sequencing topics (Task 1). These general strategies reflect the teachers’ concerns and
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their adjustments that overlay content and the official ‘scheme of work’. The study
probed the factors that necessitate customizations of the learning progressions (Task 1
and Task 3). Research Question 2 studied teacher’s opinion and assessment of learning
progressions. Table 8 lists the final set of codes for Research Question 2.
Table 7
Code List for Research Question 1
Code

Theme

@1

Beliefs and Definitions

@2

Transition between Kinematics and Dynamics

@3

Conceptual themes that link Kinematics and Dynamics

@4

Prior knowledge, subsequent concept

@5

Language of curriculum descriptors - comparing specific
instructional objectives with disciplinary core ideas

Table 8
Code List for Research Question 2
Code

Theme

@6

General sequencing considerations and strategies

@7

Duration of teaching unit

@8a

Bottlenecks and misconceptions

@8b

Interventions

@9

Value of interview tasks
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Four procedures were applied in the study as ‘checks’ for accuracy in the
translation of the teacher’s perspective into dissertation codes.
(a) Themes and questions were repeated throughout the interview as a check for
consistency in how the participant’s perspective was articulated. For instance, a
request for the participant to explain ‘why and how’ the topics were arranged was
followed up with questions on topic transition points and their rationale. Other
themes such as questions on student misconceptions were followed up with prompts
for the teacher’s intervention strategies for said misconceptions.
(b) The affordances of dialogue allow the interviewer to ask for elaborations. At points
the interviewer may paraphrase the participant’s statements for confirmation. Should
paraphrasing be distracting to the flow of the conversation, a summary of points
made was provided at opportune moments in the interview.
(c) During coding, care was taken to include the participant’s direct quotes and key
phrases into the interpretation and coding. Teacher quotes were referenced by teacher
id number and the time-stamp in the audio recording of the interview, for example
(#11, 02:48) cites teacher #11, 2 minutes and 48 seconds into the recording.
(d) There were two separate member-checks. In the first member-check, participants
were sent the audio recording, the transcriptions, and an image of the learning
progression of their specific interview. In the second member-check, the participants
were sent their respective coded interview and the rendered learning progression for
their feedback and verification. Of the 22 interviews, 15 participants responded to the
second member-check with 3 participants elaborating on the points they made. One
participant met with the interviewer to discuss the second member-check.
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Researcher’s Background
In a qualitative study, the researcher is the key instrument, and the researcher’s
conception of self and others, experiences, and perspectives impact the processes in an
interpretivist inquiry (Wolcott, 1990). In this section, the researcher reflects on her
background and experiences that could affect the analysis and findings of the interviews.
The researcher served in the Singapore education system for 30 years and is
currently retired. She taught science in seven secondary schools. Five of these schools
were independent schools. Of the 30 years, the researcher taught in the Gifted Education
Programme (Singapore) for 10 years and had one posting at the Ministry of Education,
Singapore (MOE) headquarters as an Information Technology officer. The researcher
was head of department twice in her career, heading the information technology
department in one school and the physics department in another. The researcher has also
served as a teaching fellow for 3 years at the National Institute of Education, focusing on
formative assessment in science education. It has been a career of constant change, which
has undoubtedly allowed for a wide exposure to and experience of different school
challenges, ethos, and cultures. The researcher remains deeply committed to science
education and to the welfare of students.
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CHAPTER IV
FINDINGS
The purpose of the study was to investigate the perceptions of physics teachers in
Singapore about curriculum sequencing. The study sought to understand and document
what the physics teachers believed were conceptual themes that run through Kinematics
and Dynamics, the logic that underpins the transitions between topics and their own
presentations of a coherent physics schema to their students. The study also explored the
general strategies that teachers employ and the factors that necessitate customizations of
planned learning progressions. The findings are presented as premises and themes aligned
with each of the two research questions:
RQ1 : How do teachers perceive and interpret learning progressions?
RQ2 : How do teachers utilize learning progressions in their professional decisions?
RQ1: How Do Teachers Perceive and Interpret Learning Progressions?
Teachers’ perception and interpretation of learning progressions were studied
through the teachers’ own arrangements of the curricular objectives, and their rationale
for the conceptual transitions between these objectives.
Teachers’ arrangements of specific instructional objectives
In Task One of the interview, teachers were requested to arrange specific
instructional objectives (SIOs) from the GCE O’ Levels in the order that they would
teach these objectives to students. The SIOs are numbered in the same order as they are
presented within the GCE O’ Levels syllabus. SIOs of the same conceptual level may be
placed in the same position.
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Figure 7 shows the positions of the SIOs in a learning progression as arranged by
teacher #20. The sequence follows the format of learning progressions which positions
the more basic concepts below. The blue and pink code indicates Kinematics and
Dynamics SIOs respectively as how they are categorized by teacher #20. This learning
progression starts with the basic concepts of speed and velocity (SIO1), progressing to an
understanding of forces and movement in the context of falling objects (SIO6).
SIO id

Description

SIO6

•

SIO13

•

describe the motion of bodies with constant weight falling with or without air
resistance, including reference to terminal velocity
explain the effects of friction on the motion of a body

SIO9

•

identify action-reaction pairs acting on two interacting bodies

SIO11

•

solve problems for a static point mass under the action of 3 forces for 2dimensional cases

SIO12

•

recall and apply the relationship resultant force = mass x acceleration to new
situations or to solve related problems

SIO7

•

describe the effect of balanced and unbalanced forces on a body

SIO10

•

identify forces acting on an object and draw free body diagram(s) representing the
forces acting on the object

SIO8

•

describe the ways in which a force may change the motion of a body

SIO5

•

SIO4

•

SIO3

•

•

state that the acceleration of free fall for a body near to the Earth is constant and
is approximately 10 m s-2
calculate the area under a velocity-time graph to determine the displacement
travelled for motion with uniform velocity or uniform acceleration
deduce/recognise when a body is at rest from the shape of a displacement-time
graph and the shape of a velocity-time graph
deduce/recognise when a body is moving with uniform velocity from the shape of
a displacement-time graph and the shape of a velocity-time graph
deduce/recognise when a body is moving with uniform acceleration and when it
is moving with non-uniform accelerationdeduce from the shape of a velocitytime graph
state what is meant by uniform acceleration and calculate the value of an
acceleration using change in velocity / time taken
interpret given examples of non-uniform acceleration

•
•

state what is meant by speed and velocity
calculate average speed using distance travelled / time taken

SIO2

•
•

•

SIO1

Figure 7. Arrangement of specific instructional objectives by teacher #20.
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Teacher #20 has taught in an independent school and is an experienced teacher of
14 years. From his arrangement of topics (Figure 7) and its corresponding learning
progression schematic (Figure 6), it can be noted that teacher #20 considered Kinematics
to be antecedent to Dynamics. Kinematics concepts are a logical entry point for this
learning progression based on the teacher’s identification of the students’ prior
knowledge. Students’ prior understanding of the nature of physical quantities and of
graphical representation support the teaching of Kinematics.
Teacher #20 believes that the scientific notations and definitions found in
Kinematics provide the scientific language to describe Dynamics. He spoke about
approaches to teaching Physics which he deems to be more than a sequencing of SIOs.
Teacher #20 advocates student observations and thinking about physical phenomenon.
He described this approach as ‘sense-making’. The alternative approach for introducing
the concept is to moderate the complexity of the concept by ‘removing distractions’. He
explained his rationale as such;
Basically there are two things in mind.….sometimes scientists [adopt] the
reductionist [approach], you start with the simplest system, removed from
all the distractions. And you just deal with the point object [rather than an
extended object]. So that’s one of the ways to go about it. The other way is,
how science is actually being done, through observation. In some sense,
I’m not so sure whether these two strands of thought are congruent with
each other in teaching. And that is why experimental sessions are so
important. Sometimes when we [implement] the reductionist [approach], it
does not always square with what the students actually observe. A lot of
times, when students observe things, it’s under non-textbook conditions.
But at the same time, we have to understand that all science comes from
observations. (#20, 12:36)
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Figure 8 shows the positions in which the teachers arranged the numbered SIOs.
The teachers’ records are displayed in columns to mirror the vertical format of the
learning progressions constructed during the interviews. (The bottom to top arrangement
also reflects the format of learning progressions in the Atlas of Science Literacy (AAAS,
2001a)) The data presented in Figure 8 is sorted by the teachers’ years of teaching
experience. The teachers are identified by a #number. Cells colored blue are Kinematics
SIOs and those colored pink are Dynamics SIOs. Purple cells indicate SIOs that the
teachers consider to be relevant to both Kinematics and Dynamics. The Govt/Indept tags
indicate whether the teachers are from government or independent schools. Teachers #1
and #7 are physics master teachers and their arrangements are separated from the others
and placed in the last two columns.

Key

Kinematics SIO

Dynamics SIO

Kinematics & Dynamics SIO

Figure 8. Learning progressions – SIO sequence sorted by years of teaching experience.
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As can be noted from Figure 8, no one arrangement was repeated and this implies
that each teacher had his/her own explanation for the sequence in which Kinematics and
Dynamics topics are to be taught. This flexibility in the arrangement of topics is
noteworthy when considering that four of the teachers are from one particular school and
that there are three pairs of school colleagues in the sample. The data in Figure 8 indicate
that most teachers believe that Kinematics needed to be taught before Dynamics. There
was variation in how teachers categorize the SIOs as Kinematics or Dynamics. The
purple cells in Figure 8 show that six teachers felt that some SIOs were relevant to both
Kinematics and Dynamics. SIO5 (acceleration of free fall) and SIO6 (bodies falling with
or without air resistance) were seen as Kinematics SIOs by some and as Dynamics SIOs
by others. The two master teachers differed from each other in that master teacher #7
advocated for Dynamics to be taught first. The rationale for the teachers’ arrangements is
presented in the qualitative discussion in this chapter.
By linking the positions of one SIO across the interviews, Figures 9 and 10 show
the relative positions of the specific SIO for this study. Shown in Figure 9 is the line for
SIO1 (state what is meant by speed and velocity; calculate average speed using distance
traveled/time taken) and in Figure 10, the line for SIO13 (explain the effects of friction on
the motion of a body).
Most teachers agree that speed and velocity (SIO1) are fundamental concepts as
most have placed SIO1 at the bottom, at position 1 of their learning progressions. The
teachers’ placements of SIO13 on the effect of friction however, differed greatly (Figure
10). Overall the data do not have a discernable pattern of arrangement across the thirteen
SIOs, with the line for each SIO having its own unique shape.
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Figure 9. Variation in the positions of SIO1 across the teachers for interview Task 1.

Figure 10. Variation in the positions of SIO13 across the teachers for interview Task 1.
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Table 9 lists the average positions of the SIOs, obtained by averaging each of the
SIO’s positions over the 22 teacher interviews. This resulted in a sequence that seems to
be a composite of the 22 teachers’ individual arrangement of the topics. However this
‘composite’ sequence did not match any one teacher’s sequence. Simply taking the
average values of positions did not ensure that the resultant sequence is a viable one as it
lacked the coherence of concept flow and teacher thinking. Each combination of teacher
and class is unique in its context and that would imply that the sequence of topics needs
to be different to cater to context. The standard deviations for the teachers’ placement of
each SIO are also listed. Four SIOs have standard deviation values greater than 3. They
are SIO9 (action-reaction pairs acting on two interacting bodies), SIO13 (effects of
friction on the motion of a body), SIO5 (acceleration of free fall) and SIO2 (uniform and
non-uniform acceleration).
A large standard deviation may indicate points where teachers disagree the most.
Alternatively, the large standard deviation may imply that that particular SIO or concept
is relevant over a range of topics. For instance, the positioning of SIO13 (effects of
friction) has a standard deviation of 3.66. From the interviews, some teachers consider
knowledge of friction (SIO13) as prior knowledge since students would have already
encountered friction in their daily lives. Other teachers present friction as one of many
types of forces in Dynamics. Still others require their students to analyze friction as a
form of complex interaction between two surfaces. Each interpretation of SIO13 warrants
a different position for SIO13 in the learning progression. The concept of friction is
applicable across several sub-topics and that could explain the large standard deviation
for the positioning of SIO13.
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Table 9
Aggregate Sequence of SIOs Based on its Average Position Across Interviews

Specific Instructional Objectives

Average
Position
of SIO
(n = 22)

New
Sequence
Based on
Average
Position

Standard
Deviation
for Position
of SIO
(n = 22)

SIO1

state what is meant by speed and velocity.
calculate average speed using distance traveled / time taken

1.5

1

1.82

SIO2

state what is meant by uniform acceleration and calculate the
value of an acceleration using change in velocity / time taken
interpret given examples of non-uniform acceleration

4.1

3

3.05

SIO3

plot and interpret a displacement-time graph and a velocity-time
graph
deduce from the shape of graph when a body is: at rest, moving
with uniform velocity, moving with uniform acceleration,
moving with non-uniform acceleration

3.4

2

2.82

SIO4

calculate the area under a velocity-time graph to determine the
displacement traveled for motion with uniform velocity or
uniform acceleration

4.5

4

2.63

SIO5

state that the acceleration of free fall for a body near to the
Earth is constant and is approximately 10 m/s2

5.5

5

3.16

SIO6

describe the motion of bodies with constant weight falling with
or without air resistance, including reference to terminal
velocity

9.8

12

2.58

SIO7

describe the effect of balanced and unbalanced forces on a body

6.6

7

2.68

SIO8

describe the ways in which a force may change the motion of a
body

5.5

6

2.84

SIO9

identify action-reaction pairs acting on two interacting bodies

9.2

11

4.07

SIO10

identify forces acting on an object and draw free body
diagram(s) representing the forces acting on the object

7.5

8

2.77

SIO11

solve problems for a static point mass under the action of 3
forces for 2- dimensional cases

10.5

13

2.44

SIO12

recall and apply the relationship resultant force = mass ×
acceleration to new situations or to solve related problems

8.2

9

2.72

SIO13

explain the effects of friction on the motion of a body

8.8

10

3.66

91

Figure 11 was obtained by super-imposing all SIO connection lines (as in Figures
9 and 10). By observing the crossover in the lines, it can be noted that teachers #22, #16
and #2 have arrangements that are markedly different from most. These teachers teach or
have taught in junior colleges (grades 11 and 12) as compared to secondary schools
(grades 9 and 10) for the other teachers. Master teachers #7 and #1 (last two columns)
have completely switched their arrangements between Kinematics and Dynamics as
could be seen from the lines crossing over one another in the last two columns.

Figure 11. Composite of SIO connection lines sorted by years of teaching experience.
To check for patterns in the learning progression as a function of school type,
sequences for interviews #22, #16 and #2 were grouped together. Figure 12 shows the
superposition of the SIO connection lines as grouped by school type and then by years of
teaching experience. The three school types are government schools, independent schools
and junior colleges. The lines in Figure 12 do not ‘straighten out’ or align themselves in a
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distinctive shape, indicating that there were no standard sequences for any of the school
types. It is notable that teacher #18, a beginning teacher, had arranged the Kinematics
SIOs in the same order as they occur in the GCE O’ Levels.

Figure 12. Composite of SIO connection lines grouped by school type (government,
independent, junior college).
In summary, the teachers’ arrangements of the specific instructional objectives
were unique. None of their learning progressions matched the order in which the SIOs
were presented in the official GCE O’ Levels examination syllabus, which is the main
exit examination for most secondary schools in Singapore.
Analysis of the interview with a focus on Research Question 1
Research Question 1 examines teachers’ discernment of conceptual coherence in a
learning progression. Each interview was analyzed for the teacher’s definitions of
physics concepts and for aspects of conceptual flow specific to Kinematics and Dynamics.
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The codes used for the analysis were structured around the sub-questions for Research
Question 1 and were informed by themes that emerged from the repeated reading of the
interview transcripts. Figure 13 shows how the codes for Research Question 1 were
formulated.

Figure 13. Themes and Codes for Research Question 1.
Code @1: Beliefs and definitions
Code @1 collates the established conventions and basic definitions about physics
and the syllabus. It documents the current practice in schools for sequencing and
scheduling teaching units. It attempts to lay the groundwork for teachers’ broad
perceptions about the subject itself, about Kinematics and Dynamics specifically, and
about syllabus sequencing in general. The teachers’ definitions of Kinematics and
Dynamics were also explored. How teachers define Kinematics and Dynamics would
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provide insights on how these topics are referenced and where they fit in relation to each
other in a learning progression.
Generally, the teachers shared that the sequence of topics, or in official
terminology, the scheme of work, was already planned and implemented. For teacher #11,
the official sequence was decided through a consensus with other teachers in the level
(#11, 02:48). Teacher #10 noted that the sequence of topics was planned by the
department. He added that changes to the curriculum would come organically with
reviews (#10, 44:38). Teacher #12 commented that “I inherited the school’s scheme of
work. When I first came into teaching, … that was the flow. And generally, that was also
the flow in the textbook” (#12, 10:54). Master teacher #1 had observed that “What
happens is that the teacher will follow the textbook. Because the books have all been
vetted such that all the LOs [lesson objectives] are presented, it covers all the LOs, so
they will teach according to the interpretation of the textbook writer” (#1, 52:36).
Teacher #2 however believed that at higher levels, it is possible to sequence the
curriculum in slightly different ways as there are alternative lines of reasoning to arrive at
a solution. “Usually the lecturer has the say for the learning progression. It is determined
by her own experience” (#2, 75:57). It was noted that while teachers mentioned textbooks
as an initial reference for sequencing topics, their own teaching schemas, as observed by
teacher #5, develops over time.
Kinematics was generally defined by the teachers as the study of motion, how
objects moved and the various ways to represent this motion. Dynamics was regarded by
them as the study of forces and the effects of forces on a body. A change in motion is one
such effect of forces. Teacher #22 expressed it succinctly as “Forces and dynamics are
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the why that underlies the how of Kinematics” (#22, 05:54). Most of the teachers
regarded Kinematics as a form of ‘scientific language’ students need to understand
Dynamics and thus placed the teaching of Kinematics before that of Dynamics.
Code @2: Transition between Kinematics and Dynamics
The conceptual link between Kinematics and Dynamics is the main transition
between topics in this learning progression. Most of the teachers used their definitions of
Kinematics and Dynamics to establish a link between them; that net forces (Dynamics)
cause changes in the motion of objects (Kinematics). Teacher #4 contended that
identifying the forces that are acting on the object leads to an understanding of why the
object moves the way it does (#4, 29:11). When asked about the specifics, the teachers
generally surmised that acceleration is the one concept that overlaps Kinematics and
Dynamics. Many teachers also included Newton’s second law (F = ma) as a concept that
links both topics. Acceleration (a) is a Kinematics quantity which becomes a Dynamics
quantity when defined as a = F/m (#6, 11:36). Teacher #19 explained that an acceleration
results when forces acting on an object are unbalanced (#19, 09:05). Core to
understanding this transition is being able to recognize the context in which a change in
motion occurs. The teachers’ learning progressions (Figures 6, 15, 16 and 21) show
where and how the transition between Kinematics and Dynamics occurs.
Code @3: Conceptual themes that link Kinematics and Dynamics SIOs
This particular code examines teacher thinking about the conceptual themes
germane to both Kinematics and Dynamics. These themes form the coherent relationships
that hold the entire unit together. From the many ideas gleaned from the interviews, this
category can be further classified into 6 sub-categories: (a) key nodes, (b) dependency,
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(c) real-world context, (d) scientific notations and representations, (e) scalars and vectors,
and (f) reductionist approach.
(a) Key Nodes @3. The teachers each had an intuitive sense of the important specific
instructional objectives (SIOs) that carry the core learning of the unit. By arranging these
key nodes, they have the basic structure of the learning progression in place. The other
SIOs fall in place with respect to the key nodes as supporting concepts or examples
thereof.
Teacher #8 believed that while the Kinematics and Dynamics curriculum needs to
‘flow’, it is beneficial to have key nodes or ‘milestones’ in the sequence. The ‘milestones’
divide the unit into smaller phases or ‘stages’. Thus with specific outcomes set for each
phase, the learning can then be ‘staged’. Teaching and learning the concepts in ‘smaller
units’ is more manageable and consequently the key concepts become clearer for the
students. (#8, 27:27). The common key concepts that the teachers surfaced were the three
Newton’s laws. These laws are not explicitly stated in the SIOs. Teacher #8 explained
that Newton’s laws, while not articulated in the official syllabus, are ‘inherent in the SIOs’
(#8, 19:41). Teacher #18 agreed that Newton’s laws are key concepts and follows the
sequence of Newton’s laws as presented in the textbook which tends to be ‘123’, in the
order which the laws are taught (#18, 35:50). Teacher #3 proposed a ‘213’ sequence,
teaching the second law first and tagging on the first law as a special case of the second
law. According to her, the third law would come last as students would have to consider
forces acting on two bodies instead of one (#3, 93:42). Using ‘types of forces’ as key
nodes, teacher #15 segments the syllabus using “the four fundamental forces from the O’
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Levels syllabus; ‘external forces’, ‘weight’, ‘normal contact force’ and ‘friction’ as
milestones (#15, 05:31).
The concept of acceleration is often mentioned in the interviews as a key node.
Teacher #16 had the SIOs arranged in clusters based on various scenarios for
acceleration; ‘static masses or zero acceleration’, ‘uniform acceleration’, ‘non-uniform
acceleration’, and ‘math notation in Kinematics’. “These are sort of places where they
branch out to other topics” (#16, 09:01).
Teacher #22 planned his sequence around fundamental principles or axioms, such
as ‘what is an action-reaction pair’, ‘force = mass × acceleration’, and ‘definitions e.g.
speed/velocity’ (#22, 09:01). He reasoned that “while each definition or concept can
always be delved into with deeper analysis, it is necessary to settle on what constitutes an
appropriate base to start the curriculum’. These are ‘first principles’ or ‘axioms’. “There
maybe empirical data that supports [the principles], maybe we just don’t have good
enough science to find out the answer yet, but we [start here]” (#22, 05:54). He noted that
the abstract framework built around a concept stems from its definition. Analyzing this
definition may be counter-productive if it results in a repetitive process of analyzing
component terms within the definition (#22, 22:33).
The teachers identify the key concepts and skills that need to be taught. The SIOs
are then categorized and grouped around these key nodes. The learning progression is
thus an arrangement of these key nodes, be they Newton’s laws, axioms, fundamental
forces or the concept of acceleration. The sequencing of topics thus depends on how
these key concepts relate with one another.
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(b) Dependency @3. “Sequences are logical and incremental in the understanding of
physics” (#6, 29:50). Concepts build on each other. (A dependency relationship between
two concepts is inferred when understanding one concept helps a learner understand the
other.) Most teachers recommended teaching Kinematics before Dynamics as they
deemed Kinematics to be the ‘scientific language’ necessary to describe the changes in
motion found in Dynamics. Teacher #8 stated that “sequencing the topics is like telling a
coherent story, from ‘simple’ to ‘complex’ ” (#8, 22:07). Or as teacher #15 put it,
“Vector addition is required for understanding free body diagrams” (#15, 14:20).
For example, teacher #6 mapped the Kinematics progression based on the idea of
dependency: concept of speed/velocity → scientific representation of speed/velocity →
concept of acceleration → free fall (#6, 07:32). Figure 14 is a segment of a learning
progression, and it illustrates how Kinematics transitions to Dynamics as proposed by
teacher #6. As indicated in Figure 14, students need an understanding of acceleration
(blue cell) and a prior knowledge of forces (green cell) to better understand Dynamics
(pink cell showing relationship a = F/m).

Figure 14. Transition from Kinematics to Dynamics, learning progression #6.
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Teacher #6 had rearranged the equation for Newton’s second law, F = ma. (which
gives the relationship between a net force and the change in momentum) by
foregrounding acceleration, a = F/m. In doing so, teacher #6 emphasized a dependency
relationship between acceleration and force, i.e. to learn about forces, students need to
understand the concept of acceleration.
The learning progression arranged by teacher #6 is in Figure 15. The progression
starts with perceived fundamental topics at the bottom and more conceptually advanced
topics at the top. This hierarchical structure shows the flow between topics. Teacher #6 is
of the opinion that mastering Kinematics graphs (blue cell) is dependent on students’
grasp of the gradient as a measure of the rate of change. (#6, 13:57)

Figure 15. Kinematics and Dynamics learning progression #6.
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In another learning progression (Figure 16), master teacher #7 starts with
Dynamics. He had his students observe and analyze events. Master teacher #7 stressed
that forces must act before there is movement. His learning progression requires students
to start with analyzing the forces they encounter in real life and noting the effect of those
forces (#7, 15:16). He explained that motion [Kinematics] comes in only as an effect of
forces and the interactions between entities in the system. Hence, he advocated starting
the topic with demonstrations and specifically on Newton’s third law. This law of action
and reaction helps to explain what is happening during the interaction [between objects]
(#7, 13:36).

Figure 16. Kinematics and Dynamics learning progression #7.
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(c) Real-world context @3. Real-world context in lessons connect the SIOs, the physical
laws and the conceptual abstractions to actual events and day-to-day experiences. Across
the interviews, the general consensus was that observations and real situations are
important for the learning experience. However, the teachers differed in what they
expected their students to analyze during the observation.
Teacher #21 believes that the use of demonstrations and experiments is necessary
for students to observe actual behavior, so as to make the concepts real (#21, 44:32).
Similarly for teacher #13, she shared, “… you recognize the motion first, like how the
object is moving, is it speeding up? slowing down? I think it is important to describe the
motion before they go into explaining or finding out why it is moving like that” (#13,
12:20). Hence, teacher #13’s placement of the Kinematics SIOs before the Dynamics
SIOs in her learning progression. The how precedes the why because the how is more
‘concrete’ and can be observed.
Master teacher #7 sees it differently. He instructs his students to note the
interactions between the object and its surroundings. Objects move because of these
interactions. (Interactions between objects are in the form of forces acting on each other.)
By paying attention to what happens when objects interact, students observe ‘cause and
effect’. And cause and effect, while not a Kinematics or Dynamics SIO, is a fundamental
principle of physics.
Teacher #16 had a more philosophical view. “This [topic] is really an introduction
to Newton’s Laws, and to daily, more common, … lived experiences, where the concept
is crucial to the lived experience. … and also to future building blocks. So the part about
the static mass, velocity and all that, will be fundamental for them, moving into
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engineering. And these are things that they can see” (#16, 50:21). Observations are
important as they lead to practical applications. What students are learning in Kinematics
and Dynamics become foundational concepts for more advanced courses like engineering.
Teacher #16 too had advocated a Dynamics first sequence.
Teacher #16 went on to add that the sequence depended on student readiness (#16,
32:45, student readiness is discussed at a later section). It is noteworthy that master
teacher #7 and teacher #16 shared that they had tried various sequences and that there are
pros and cons for a Kinematics first or a Dynamics first sequence.
(d) Scientific notation and representations @3. Graphs and free body diagrams follow
certain rules of construction. Drawing a Kinematics graph is akin to formatting and
coding the motion of an object for a consistent presentation that is understood by all
scientists. Graphs and free body diagrams are thus different forms of scientific notation
and representation.
Teacher #11 regarded graphs as the ‘language of access’ for both Kinematics as
well as Dynamics (#11, 16:54). While not a Kinematics or Dynamics concept in itself, a
graph is an important form of scientific representation. Drawing and interpreting graphs
are required skillsets for any student of physics. Teacher #21 thought of graphs as
analytical tools, “ … from a knowledge of these quantities [distance, velocity, etc]
students can use graphs to track how these quantities change with time” (#21, 12:34).
Teacher #14 felt that students are able to understand graphing concepts easily and
as such, she used graphs to introduce motion, rather than have observations of motion
precede and introduce Kinematics graphs (#14, 10:22). Graphs as representation and
analytical tools, is the reason to pitch the teaching of graphs early in the sequence. There
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are however set conditions for using graphs as cautioned by teacher #15, the motion
represented on the graph has to be one-dimensional (#15, 15:21). The fact that graphs
record one-dimensional motion is a subtlety that is not obvious to students.
Other scientific notations that the teachers discussed were free body diagrams,
scaled diagrams and vector diagrams. Teacher #18 opined that free body diagrams could
help to start student discussions as the diagrams show the forces acting on the objects. He
made a distinction between free body diagrams (quick sketches of the forces acting on a
body) and vector diagrams (accurately scaled diagrams showing magnitude, direction,
and points of action of the forces) (#18, 32:49). Teacher #17 “foregrounds the teaching of
free body diagrams” as the diagrams make the student’s thinking visible to both student
and teacher (#17, 29:18).
In practically all interviews, teachers mentioned the importance of vector addition
for solving two-dimensional Dynamics problems. While graphs are explicitly stated in
the SIOs, vector addition has been omitted. Even so, vector addition and modeling have
to be incorporated into the learning progression. Teachers are required to teach these
skills. Vector addition is also relevant to other topics in physics.
(e) Scalars and vectors @3. The teachers stressed that understanding the distinction
between scalar and vectors quantities is a threshold concept, one that transforms the
students’ understanding from a layman’s perspective to a more scientific and precise
conception of the world. A vector quantity is a scalar quantity with a defined direction.
Direction is an integral attribute of movement and of forces. This understanding of
vectors (direction) is intuitive for students in their everyday experiences. Yet, the idea of
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vectors poses a problem to students when more than one vector is analyzed and
particularly when the second vector is of a different direction from the first.
Teacher #4 taught vector quantities by moving from scalar aspects of the quantity to
include vector interpretations. “Layering direction onto speed to obtain velocity.” Scalar
quantities are less complicated and provide a convenient entry point for their vector
equivalents (#4, 15:32). Teacher #15 interpreted vector quantities in one direction as akin
to their corresponding scalar quantities (#15, 34:57). In a similar analysis, teacher #19
proposed that “… we focus on one-dimensional vector addition at the start. Twodimensional vector addition is for adding forces later on. We teach them the ‘triangle rule’,
‘parallelogram rule’ but we won't come to that until much later on” (#19, 21:45).
Presenting students with one-dimensional events or problems is one way to simplify the
context.
(f) Reductionist approach @3. A reductionist strategy makes the event/problem easier for
students to analyze as there would be fewer variables to consider. Besides simplifying the
concept to be learnt, the problem could be ‘reduced’, for example by assuming that there
is no friction in the system to be analyzed. A reductionist strategy is an educational tool
meant to bridge complex concepts. Other reductionist strategies are ‘point masses versus
extended bodies’, ‘focusing only on one object in the system’ and ‘using qualitative
descriptions before quantitative representations’. However, by simplifying or ignoring
certain variables, the ‘reduction’ imposes some assumptions on the events and reduces
the scope of the analysis. The context becomes contrived and the intended concept gets a
little distorted when reduced. It would be difficult to represent a reductionist strategy on a
learning progression. For instance, there are no point masses in the Newtonian world
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unless we can pack the volume of an object into a single point, and thus ‘point masses’
would not be referenced in an SIO. Yet, all the teachers interviewed spoke about ‘point
masses’.
Teacher #16 commented on this. “The idea of point masses is not even mentioned
in the core [syllabus], but it is a tool that mathematicians and physicists have used over
the last few hundred years, to understand … It’s theoretical, it’s not real life, but it’s a
way for us to understand. So we explicitly state those tools” (#16, 52:57). Teacher #21
agreed that ‘point masses’ is a reductionist approach that helps to make the context
simpler for learners. She did caution that simplifying the context can be counter
productive if the learner is unable to move on to more complex systems (#21, 21:33).
Another way to facilitate the learning of the concepts is allowing students to give
qualitative responses instead of more precise or numerical answers. Teacher #19
advocated the use of qualitative descriptions, as that would help ease students into the
broad concept before a more rigorous treatment. He suggested a sequencing guide based
on this instructional flow ‘Observations → data (graphs, diagrams) → relationship
between quantities → equations’ (#19, 09:05). Teacher #13 concurred. “Understanding a
concept starts with being able to describe it” (#13, 19:07). Master teacher #1 offered that
concept development moves from the idea (qualitative) to formulas and applications
(quantitative) (#1, 27:40). This reductionist strategy would influence the placement of the
SIOs in a learning progression, as some SIOs describe concepts, some outline procedures,
while some others specify the equations.
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Code @4: Prior knowledge, subsequent concept
All teachers in the study presume that as prior knowledge, students would have
some notion of speed and that they are familiar with tables and graphs. Teachers’
arrangements of the SIOs are tied to their expectations of students’ prior knowledge. The
learning progression for Kinematics and Dynamics is but a small portion of a larger
‘grain’ learning progression. If we increase the granularity, the question arises as to the
knowledge the student needs to have before learning about Kinematics and Dynamics,
and subsequently, the next concept that would logically follow. Elaborating on this,
teacher #14 mentioned that at entry point, students need to know the mathematics of
graphs; axis, intercepts and being able to calculate gradient. Only then would the student
be able to interpret graphs from a physics standpoint (#14, 06:01). Beyond just
Kinematics and Dynamics, teacher #19 maintained that understanding the physical
quantities and their measurement is critical to the empirical nature of the subject (#19,
17:00).
In turn, the current SIOs become the prior knowledge for the next topic to be
learned. To chart this next topic, the teachers continue with the same rationale of their
main conceptual theme for Kinematics and Dynamics. If the theme of their learning
progressions was movement, then the next topic would be projectiles and circular motion
(#10, 22:30). Teacher #17 thought the next topic should be two-dimensional movement;
rotation dynamics and the turning effects of forces (#17, 62:26). If the theme of their
learning progressions had been about the reasons why objects move, then the next topic
could be energy (#19, 44:31). If the focus was on Newton’s laws, then the concept of
momentum comes to the fore. Newton’s second law was originally stated as a change in
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momentum over a change in time. “And momentum also brings in the idea of
conservation which is a bigger concept actually” (#6, 48:05). And thus the learning
progression proceeds to the next topic and thereafter, a conceptual link to yet another
topic.
Code @5: Language of curriculum descriptors – comparing specific instructional
objectives with disciplinary core ideas
Teachers are familiar with specific instructional objectives (SIOs) as curriculum
descriptors. As its name suggests, SIOs indicate the intended knowledge, skills, or
thinking to be gained and describe specific, measurable or observable student behaviors.
Another type of curriculum descriptors are disciplinary core ideas (DCIs). These were
employed in the Next Generation Science Standards (NGSS, 2013b) to promote greater
coherence and continuity in the curriculum. DCIs describe key concepts that have broad
importance across the discipline (DCIs used in this study are listed in Table 11). The
inclusion of DCIs in this study was to observe if these broader and more explanatory
descriptors of the curriculum topics would influence the teachers’ perception of their
learning progressions.
In Task Two of the interview, teachers were asked to relate their arrangements of
the SIOs (Task One) to nine DCIs. The objective of Task Two was to investigate if a
learning progression could be better-designed using DCIs rather than SIOs. For this task,
the DCIs were identified by randomly assigned letters. This was to ensure that there was
no bias to the order in which the teachers arranged them. Figure 17 shows the teachers’
placements of the DCIs as they are matched with the SIOs.
Overall, the teachers agreed that specific instructional objectives (SIO) define
what the students are able to do if they have learned the concept. Teacher #9 expressed
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SIOs as “descriptive, exact, and contain action words” (#9, 64:45). In contrast, the
teachers described disciplinary core ideas (DCI) as more generic, that they are expressed
more like overviews and that they are ‘big ideas’ relevant to more than one topic.

Figure 17. Teacher matching of disciplinary core ideas with specific instructional objectives.
The nine disciplinary core ideas are represented by letters.

As is shown in Figure 17, the teachers matched some SIOs to more than one DCI.
Likewise, some DCIs are matched to more than one SIO. Cells with no SIO-DCI
alignment are colored yellow. From the data presented in Figure 17, we may infer three
things. Firstly, all the DCI arrangements were unique. However, this could be due to the
SIO arrangements being unique. Secondly, from the concentration of empty cells
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(highlighted in yellow) at the Kinematics region of Figure 17, teachers matched more
DCIs with Dynamics SIOs than with Kinematics SIOs. This suggests that Dynamics as a
topic is richer in conceptual themes than Kinematics. Thirdly, the SIOs with the most
links to DCIs are SIO7, SIO8, SIO9 and SIO12. These are listed in Table 10. The
significance of this observation is that these four SIOs describe the core concepts for
Dynamics and can be linked to Newton’s three laws.

Table 10
Specific Instructional Objectives Most Matched with Disciplinary Core Ideas
LESSON OBJECTIVES
(6091 Physics GCE Ordinary Level Syllabus 2019)

SIO
SIO7

describe the effect of balanced and unbalanced forces on a body

SIO8

describe the ways in which a force may change the motion of a body

SIO9

identify action-reaction pairs acting on two interacting bodies

SIO12

recall and apply the relationship resultant force = mass ×
acceleration to new situations or to solve related problems

Table 11 lists the average positions of each disciplinary core idea across the 22
interviews. By arranging these average positions of the DCIs in an ascending order, a
learning progression in terms of DCIs could be obtained. However, there is a caveat: this
DCI arrangement was based on the SIO arrangement in Task One of the interview.
Nonetheless, it is interesting to note that the fundamental concepts in the teachers’
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arrangements are DCI_E and DCI_C. [CDI_E - All positions of objects and the directions
of forces and motions must be described in an arbitrarily chosen reference frame and
arbitrarily chosen units of size. In order to share information with other people, these
choices must also be shared. DCI_C - The patterns of an object’s motion in various
situations can be observed and measured; when that past motion exhibits a regular
pattern, future motion can be predicted from it.]
These two core ideas set up the scope and reference frame for observations and
measurements to be made. They state the rigorous verification of empirical data needed
for predictions. DCI_E and DCI_C are outside the scope of the SIOs but are important
physics principles that link empirical data with physical laws and predictions. It is notable
from Figure 17 that DCI_E and DCI_C are deemed to be relevant by most of the teachers
even though they are not defined in the GCE O’ Level syllabus and are not explicit
teaching objectives.
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Table 11
Aggregate Sequence of DCIs Based on the Average Position

Disciplinary Core Ideas
(more fundamental core ideas are placed below)

Average
Position
of DCI
(n = 22)

New
Sequence
Based on
Average
Position

Standard
Deviation
for
Position
of DCI
(n = 22)

DCI_I

Gravitational forces are always attractive. There is a gravitational
force between any two masses, but it is very small except when
one or both of the objects have large mass—e.g., Earth and the
Sun.

4.7

7

2.87

DCI_E

All positions of objects and the directions of forces and motions
must be described in an arbitrarily chosen reference frame and
arbitrarily chosen units of size. In order to share information with
other people, these choices must also be shared.

1.1

1

0.35

DCI_D

The motion of an object is determined by the sum of the forces
acting on it; if the total force on the object is not zero, its motion
will change. The greater the mass of the object, the greater the
force needed to achieve the same change in motion. For any given
object, a larger force causes a larger change in motion.

5.1

8

1.60

DCI_B

For any pair of interacting objects, the force exerted by the first
object on the second object is equal in strength to the force that
the second object exerts on the first, but in the opposite direction.

6.4

9

2.04

DCI_G

Objects in contact exert forces on each other.

4.3

5

1.88

DCI_C

The patterns of an object’s motion in various situations can be
observed and measured; when that past motion exhibits a regular
pattern, future motion can be predicted from it.

2.7

2

2.08

DCI_F

Each force acts on one particular object and has both strength and
a direction. An object at rest typically has multiple forces acting
on it, but they add to give zero net force on the object. Forces that
do not sum to zero can cause changes in the object’s speed or
direction of motion.

4.2

4

1.60

DCI_A

When objects touch or collide, they push on one another and can
change motion.

4.4

6

2.11

3.0

3

1.72

DCI_H

Pushes and pulls can have different strengths and directions.
Pushing or pulling on an object can change the speed or direction
of its motion and can start or stop it.
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Figure 18 shows the teachers’ arrangements of the disciplinary core ideas in a
learning progression. It has to be noted that teachers were not arranging the DCI by the
merit of the core ideas themselves, but rather based on how well the DCIs match the SIOs.
This DCI-based learning progression is thus influenced by the earlier SIO sequence. As
in the format of learning progressions, the more basic concepts are placed below (AAAS,
2001a). The teachers considered some DCIs to be outside of the scope of the GCE O’
Levels and these are indicated in Figure 18. The arrangements were all unique although
there seems to a recurrence of DCI pairs such as DCI_H with DCI_A and DCI_G with
DCI_B. The DCIs are listed in Table 11. DCI_H and DCI_A both reference the effect of
forces and DCI_G and DCI_B describe action-reaction pairs of forces. The data in Figure
18 indicate that 8 teachers (36%) considered DCI_B (action-reaction forces) to be an
advanced idea. 10 teachers (45%) considered DCI_I (gravitational forces) to be out of the
scope of GCE O Levels.

Figure 18. Disciplinary core ideas learning progression sorted by years of teaching experience.
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The teachers were definitely more familiar with the SIOs than DCIs. However,
they did see parallels between SIOs and DCIs. Teacher #17 explained the difference thus;
“Disciplinary core ideas describe big ideas in physics and the SIOs unpack these big
ideas” (#17, 57:32). Teacher #6 thought that DCI lack specificity about what needs to be
taught and the level of mastery the students need to attain (#6, 49:22).
Master teacher #1 was of the opinion that there are roles for both SIOs and DCIs.
“The [disciplinary core] ideas help teachers frame the key takeaways from the lesson, e.g.
what we want our students to understand from say ‘objects in contact’. So it helps them
[teachers] plan the lesson, [in order] to give students experiences of the disciplinary core
ideas” (#1, 51:19). “The SIOs are there to define what is required for the students’
assessments. But this one [disciplinary core ideas] tells them the understanding that you
want the students to have” (#1, 52:00).
Master teacher #7 prefers the DCIs to the SIOs. He found SIOs to be too brief,
that they define the performance expectations but do not explain the concept (#7, 32:30).
On the other hand, teacher #2 prefers the SIOs. She found DCIs to be over-generalized
and that they do not encompass the more sophisticated ideas or applications. “Physics is
about specifics — accuracy and precision” (#2, 48:44). Teacher #19 in turn valued DCIs
for their broader and more transferable descriptions of the concept. “They are in a sense
more overarching, more general and therefore can be transferred across topics or even
better, across disciplines” (#19, 38:00). DCIs and SIOs are complementary. They
describe the same concepts but each from a different latitude (fine-grained for SIOs and
broader, larger-grain for DCIs). They function differently; SIOs are performance
expectations and DCIs are broad concepts and running themes.
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The findings for Research Question 1 are summarized as such, the teachers agreed
on core definitions of Kinematics and Dynamics. The learning progressions arranged by
them were mostly hierarchical and they modeled the teachers’ own complex perceptions
of how the topics link together. These learning progressions were unique to the teacher
and his/her context. When explaining their rationale for their sequencing of the topics, the
teachers surfaced several conceptual themes or disciplinary considerations such as (a) key
nodes, (b) dependency, (c) real-world context, (d) scientific notations and representations,
(e) scalars and vectors, and (f) reductionist approach. Teachers also found Disciplinary
Core Ideas to be useful in defining the curriculum but that DCIs lack specificity on what
needs to be taught.
RQ2: How Do Teachers Utilize Learning Progressions in their Professional Decisions?
Research Question 2 examines the more generic pedagogical principles that
teachers apply when planning a curriculum unit. These considerations and strategies
reflect the teachers’ concern for, and their knowledge of their students. The strategies
often require teachers to customize the learning progression.
Analysis of the Interview with a focus on Research Question 2
The interviews were analyzed for the more general sequencing strategies that
teachers employ. There is also a section that caters to student misconceptions, teachers’
intervention efforts and the implications of these interventions on learning progressions.
Figure 19 shows the categories and codes used for the thematic analysis of the interview
data with respect to Research Question 2.
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Figure 19. Themes and Codes for Research Question 2.
Code @6: Teachers’ general sequencing considerations and strategies
Layered onto the conceptual schema and the SIO-based learning progressions
examined under Research Question 1 are professional considerations and educational
strategies that ultimately determine how the concepts are taught and presented in class.
The teachers elaborated on their practices. Their many ideas for this category can be
further classified into 4 sub-categories: (a) student readiness, (b) assessment, (c) spiral
curriculum – revisiting and extending prior knowledge, and (d) thinking routines.
(a) Student readiness @6. The teachers put ‘student readiness to engage successfully with
concept’ as a consideration for the placement of said concept in the learning progression.
Case in point is teacher #16 who proposed a Dynamics first approach for students who
have difficulty with mathematics.
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I’ve actually done a few different approaches in my career. In selecting
this one I’ve tried to weigh between what I’ve seen. I have started with the
Kinematics approach first earlier in my career with higher-abilities
students. I found that they were able to get the abstractions quite well and
then move from there to look at what happens in real life applications. But
I realized that for students with weak mathematical ability, starting with
Kinematics and the graphs disengages and is quite challenging. There are
kids who don’t like physics because they don’t like the math, the division
and the graphs. So for those kids, it was a lot easier to come from drawing
scaled diagrams, from observing, describing daily actions and then giving
concrete examples, and then seeing how, like when you remove the
[resistive] force from an object, the thing starts to accelerate. So that helps
(#16, 32:45).
Teacher #9 believes that attempting more advanced topics before the students are
ready serves to confuse them (#9, 35:07). Student difficulties with concept development
very much depend on the student profile and the characteristics of the cohort (#9, 67:00).
Beyond just struggling to understand the concept, students’ may have vocabulary and
language proficiency issues in expressing themselves. Hence, teacher #9’s learning
progression allocates time to explaining the different types of forces and in introducing
the terminology (#9, 18:56).
The teachers elaborated on their efforts to ‘manage’ student readiness. Some
students do not progress much from the introductory and reductionist educational
strategies. One consequence had been that the simplified relationships and the equations
were too convenient for students to want to evolve and advance to a more rigorous
treatment of the concept. Teacher #5 proposed that teachers ensure concept mastery
before teaching related equations and formula (#5, 19:52). He explained that that prevents
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students’ almost automatic application of formula without a deeper analysis of the
problem. Master teacher #7 uses discrepant events and opinion surveys in tandem with
lessons to keep track of students’ experiences and questions (#7, 18:06).
A different kind of readiness problem was surfaced by teacher #20. He talked
about the ‘tedium’ of foundational physics. “Learning physics includes learning to use a
mathematical language. The process requires a lot of meticulous work and sometimes it
gets a little dry” (#20, 16:04). He noted that a disconnect exists between what learners are
curious about and what is taught (#20, 29:01). “There is a need to stimulate student
interest … by incorporating demonstrations and ‘rewards’ such as games” (#20, 25:22).
Master teacher #7 suggested that teachers need to move away from thinking about
‘sequencing content’, rather, it should be about ‘sequencing learning’ and by adding the
required scaffolds to ensure student readiness (#7, 86:45).
(b) Assessment @6. Learning progressions in the form of schemes of work are being used
both to construct assessment aligned to the learning sequence, as well as to locate how
students are meeting learning goals.
The teachers stressed the importance of getting students prepared for the exit
examinations. The GCE O’ Levels syllabus from which the SIOs for this study were
obtained is an examination syllabus. The SIOs are thus phrased as performance indicators
or expected outcomes. “Assessments and grades are core outcomes and teachers tend to
prioritize exam performance” (#2, 69:34). However, many teachers also spoke about
formative assessments. Teacher #2 explained that staging the assessments to match the
learning progression is crucial for monitoring student learning (#2, 69:34). Similarly,
teacher #9 agreed that assessments need to mirror teaching in terms of content and rigor

118

(#9, 35:24). In a practical sense, a learning progression helps in the crafting of
assessments. A question based on a concept that is higher on the learning progression
covers the earlier concepts leading up to it (#14, 45:05).
(c) Spiral curriculum – revisiting and extending prior knowledge @6. One of the
difficulties that teachers had with the interview task was that it was difficult to indicate
‘spiraling’ on the learning progression. (Spiraling is an educational practice where the
concept is revisited at later junctures in the curriculum, usually to deepen it.) “Some
concepts in physics are not intuitive. Learners need to be guided and the concept revisited
many times” (#8, 22:07). Teacher #8 explained it further in terms of time and opportunity.
“My experience is that this [frames of reference] is very ‘painful’ [to learn], and I feel
that it still needs to be taught early because they seriously need that runway. I can’t afford
to teach this in Sec 4. That runway would be too short for them. But [teaching it early in
the course] is giving them time to revisit this and giving myself time to revisit this” (#8,
42:56).
The main benefit of revisiting a topic is to be able to cast it in another light; either
to add another layer of complexity or to apply the concept in a different scenario. For
example, in Dynamics, more forces or types of forces are added to make the system more
complex (#2, 18:41; #9, 25:46). Certain events or experiments that pertain to both
Kinematics and Dynamics, could be revisited. It is a matter of shifting the focus while
using the same experimental setup (#18, 21:15). Teacher #3 sees Kinematics themes and
terminology revisited and presented in multiple ways: during experiments, through data
and the units of quantities, and when analyzing graphs (#3, 36:03). The essence of a
conceptual theme is that it is relevant across several concepts. And in highlighting the
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application of the conceptual theme in all relevant SIOs, the theme is revisited and
strengthened.
(d) Thinking routines @6. Two teachers (#1, #4) mentioned the use of thinking routines
or a set of analytical questions that students may use as probes. This series of thinking
prompts would not affect the learning progression per se as it is a skillset that is outside
of the official curriculum. Nonetheless, it is important to model how ‘experts’ think
through a problem and time has to be allocated in the lesson planning to familiarize
students with the procedures. Master teacher #1 explained that the thinking routines guide
students through a sequence of reflections germane to understanding the problem (#1,
35:57).
Code @7: The duration of the Kinematics and Dynamics unit
The initial purpose of this set of interview questions was to examine if there were
accommodations for student attributes in the form of time allocated for teaching the unit.
What might constitute enough time for different groups of students to learn the concepts?
The query would require teachers to analyze each SIO and offer their reflections for
differences in the duration of instruction for different ability groups. At this late stage of
the interview, there wasn’t enough time for this line of questioning. The teachers were
thus asked simply to give an estimate of how long it would take to effectively teach the
learning progression they have arranged. Figure 20 lists the inputs from a subset of the
teachers interviewed, on the estimated time needed to teach Kinematics and Dynamics.
Not all the teachers interviewed responded to this question as some, like the master
teachers and Junior College teachers, were not teaching grades 9 and 10.

120

The teachers gave a range of values from about 6 weeks to 12 weeks for the
teaching of Kinematics and Dynamics. Singapore schools run on 4 terms of 10 weeks
each. (Although in most schools, in the 4th term, lessons are conducted only up to the 2nd
or 3rd week of term with the remaining weeks scheduled for end-of-year examinations
and extra-curricular activities.) The average duration for teaching Kinematics and
Dynamics as collated from the interviews is 9 weeks which is approximately one term.
Most of the teachers referenced their work schedules and used the time stated in their
schemes of work to come up with the value. It is likely that the schedule was planned by
the school and may not reflect the teachers’ professional estimate. From the data, the
shortest duration is 12.5 hours of instruction (#11) and the longest is 30 hours of
instruction (#6). Both teacher #11 and teacher #6 are from independent schools.
Independent schools have their own modified curriculum which is not based solely on the
GCE O’ Levels. This could account for the large variation of instruction hours between
the two independent schools.
Interview

#3

#8

#12

#13

#14

#16

#18

#19

#4

#6

#11

#21
Average

Govt/Indept

G

G

G

G

G

G

G

G

I

I

Weeks

11

9

6.5

9

9

9

6

9

9

12

Hours

27.5

25

22.5

22.5

23

15

22.5

25

30

I

12.5

I
7

8.8

21

22.4

Figure 20. Duration for teaching Kinematics and Dynamics sorted by type of school
(government or independent).
Code @8: Bottlenecks and misconceptions @8a, Interventions @8b
Misconceptions and challenging concepts are relevant to this study because they
affect the conceptual flow that was intended in a learning progression. Table 12 is the
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frequency table for SIOs that the teachers perceived to pose some difficulty for students.
20 out of the 22 teachers (91%) interviewed mentioned that students have difficulty
interpreting Kinematics graphs (SIO3).
Table 12
Frequency of SIOs that Teachers Perceive Students have Difficulty Learning
Specific Instructional Objectives
(fundamental concepts are placed below)

Freq
(n = 22)

%

SIO13

explain the effects of friction on the motion of a body

2

9

SIO12

recall and apply the relationship resultant force = mass × acceleration to
new situations or to solve related problems

0

0

SIO11

solve problems for a static point mass under the action of 3 forces for 2dimensional cases

8

36

SIO10

identify forces acting on an object and draw free body diagram(s)
representing the forces acting on the object

10

45

SIO9

identify action-reaction pairs acting on two interacting bodies

8

36

SIO8

describe the ways in which a force may change the motion of a body

0

0

SIO7

describe the effect of balanced and unbalanced forces on a body

4

18

SIO6

describe the motion of bodies with constant weight falling with or
without air resistance, including reference to terminal velocity

6

27

SIO5

state that the acceleration of free fall for a body near to the Earth is
constant and is approximately 10 m/s2

0

0

SIO4

calculate the area under a velocity-time graph to determine the
displacement traveled for motion with uniform velocity or uniform
acceleration

0

0

SIO3

plot and interpret a displacement-time graph and a velocity-time graph
deduce from the shape of graph when a body is: at rest, moving with
uniform velocity, moving with uniform acceleration, moving with nonuniform acceleration

20

91

SIO2

state what is meant by uniform acceleration and calculate the value of an
acceleration using change in velocity / time taken
interpret given examples of non-uniform acceleration

8

36

SIO1

state what is meant by speed and velocity
calculate average speed using distance traveled / time taken

0

0
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As indicated in Table 12, ten of the teachers (45%) listed analyzing context and
drawing free body diagrams as a difficult skill for students to grasp (SIO10). These two
instructional objectives (SIO3 and SIO10) relate to scientific representations of
movement (graphs) and representations of forces (free body diagrams).
In order to understand why students have problems comprehending Kinematics
graphs, there is a need to explore what the learning entails. The student must first know
the mathematical notation i.e. the coordinate system, intercepts and gradients. Second,
students need to understand the Kinematics implications of the graph i.e. be cognizant of
the variables that are represented by the two axes, that units are important, that the
gradient is usually a measure of the rate of change of the quantity on the y-axis, that there
are scalar and vector graphs, and that negative values (quadrant or gradient) could mean a
reverse in direction but not always. What may be most difficult is that the Kinematics
graphs (distance/time, displacement/time, speed/time, velocity/time, acceleration/time)
for the same movement are likely to look different from one another. Understanding both
the notation and the concepts are required for students to fully grasp Kinematics graphs.
The teachers gave details on the specific problems that students have with
Kinematics graphs and suggested some interventions. Teacher #18 shared that students
tend to be confused between changes on the y-axis and changes on the x-axis. He
proposed guiding students through a comprehensive set of graphs with incremental
changes to the shape of the graph to depict various situations (#18, 04:16). Teacher #14
noticed that students have difficulty interpreting graphs as they do not consciously
reference the axes, a flat line on the various graphs have different interpretations (#14,
16:24). Furthermore, teacher #3 noted that students have difficulty interpreting positive
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and negative acceleration on graphs (#3, 48:00). The concept of acceleration is in itself
difficult with 36% of teachers listing acceleration as a challenging concept for students
(Table 12). In general, students are not always able to connect what they see in the graphs
with the actual movement (#5, 27:33).
Figure 21 represents teacher #18’s SIO sequence. To address student difficulties
with graphs, teacher #18 began his sequence of topics by teaching the fundamentals of
graphs. He shared that he spent an entire week on it before starting on the formal
Kinematics SIOs. Graphs as a topic appears twice on his learning progression; at the
beginning of the sequence, and later graphs are revisited as ‘tools’ for analysis.

Figure 21. Kinematics and Dynamics learning progression #18.
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While teacher #18 modified his learning progression to accommodate the teaching
of graphs, teacher #14 did not have to tweak her sequence of topics. She just emphasized
the importance of noting the quantities being graphed. In yet another context, to mitigate
problems some students had with graphs and also with acceleration, teacher #3 taught
the concept of acceleration using graphs. In her learning progression, teacher #3 placed
acceleration in tandem with graphs.
Other than the difficulties the students have learning about graphical
representations, they may still leave with some misconceptions. Master teacher #1
observed two misconceptions that students have for Kinematics graphs. First
misconception – a flat horizontal line on any graph implies that the body is at rest.
Second misconception – that the shape of the graph indicates the actual path the object is
moving (#1, 60:54). Knowing that these common misconceptions exists would have
implications in the crafting of formative assessment.
A free body diagram (FBD) is a sketch of the forces acting on a body. The
difficult part of FBD is understanding the context and identifying forces that are present
(#1, 60:54). Forces are invisible and abstract, hence students need to ‘imagine’ their
effects and represent these forces on free body diagrams or plot their effects on graphs
(#6, 28:50). Providing different scenarios [of forces acting] help to familiarize students
with the various ways of analyzing context (#6, 21:36).
One peculiar student preconception that needs to be addressed is the idea that only
living things can exert a force (#7, 15:52). New students were sometimes unable to locate
forces acting on an object if the system does not have a living entity to apply a force.
Master teacher #7 chose to have a Dynamics first approach (Figure 16) because he
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surmised that if students did not have an understanding of the nature of forces (i.e.
electrostatic repulsion), they would not be able to comprehend why objects move. The
sequencing of the topics is important. Master teacher #7 shared that misconceptions could
be ‘caught’ early through ‘whiteboarding’ and with ongoing assessments (#7, 83:03).
As another possible intervention, master teacher #7 proposed providing
demonstration kits for each student or group of students. He explained that an event or
situation that is being studied would have forces acting, energy being transferred, macro
and micro interactions and simply “there are too many things happening”. The
demonstration kits help make the concept visible to the student and the students’ thinking
visible to the teachers (#7, 60:17). Besides getting the students to be ‘hands-on’,
demonstration kits mitigate description/language issues (#7, 63:07). Incorporating
demonstrations requires planning to an even finer detail than the scope and grain of the
learning progressions presented in this study.
Teachers commented that some misconceptions are hard to unlearn. Teacher #9
said that, “Intellectually they know it’s true [acceleration due to gravity is a constant for
all objects regardless of mass] but ‘experience’ tells them that when feathers and heavy
objects fall, one will fall faster than the other. [Erroneously, they think that] heavier
objects must drop faster than lighter ones. It’s very hard to get them to wrap their heads
around it” (#9, 48:36). She further added that students have difficulty understanding that
an object can move even when forces on the object are balanced. Yet another challenge
for students is understanding how tension works as tension in a string acts in both
directions (#9, 69:26). In her learning progression, teacher #9 spends some curriculum
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time introducing the various types of forces and explaining their effects. This objective is
not explicitly stated in the SIOs.
Teacher #15 made a succinct comment that some students have difficulty
understanding the second law as it entails locating the resultant force, often through
vector addition (#15, 21:33). There is a dependency in this relationship, vector addition
must be taught before students are asked to solve two-dimensional problems. Problems
and misconceptions arise if students are unclear about a preceding concept that led to the
current one. Problems and misconceptions would certainly occur if the sequence of topics
taught is disjointed or is reversed. Figure 22 shows the placement of challenging SIOs by
the teachers. These are indicated by the gray cells.

Figure 22. Positions of challenging SIOs in learning progressions (highlighted red).
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The challenging concepts were not all positioned at the advanced end of the
learning progressions but are relatively spaced out throughout each sequence (Figure 22).
The time in between these more difficult concepts can be used for scaffolding as well as
student practice and application of the concept.
Code @9: Value of interview tasks / Value of crafting a learning progression
Generally, the teachers found the interview tasks to be professionally beneficial.
Teacher #12 shared that arranging the topics made him more conscious of the concept
flow (#12, 31:41). Teacher #17 admitted that “I struggled, [but] in a good way, because it
forces me to challenge my own assumptions, because I don’t know what is the ‘correct’
idea” (#17, 44:57).
Teacher #6 recognized the value of learning progressions as a function of
professional experience. “I think new teachers will not know what difficulties the
students would have, what alternative conceptions they have”. He suggested that the
deliberation on the placement of each SIO acts like ‘prompts’ to guide teachers in lesson
planning (#6, 55:02). Teacher #8 summarised it concisely, “The ‘sequencing of learning’
must be logical to teachers. If it makes no sense to them, it will never make any sense to
the students” (#8, 55:06).
The findings for Research Question 2 are summarized as such; the teachers shared
generic pedagogical principles that they apply when planning a curriculum unit. These
are (a) student readiness, (b) assessment, (c) spiral curriculum – revisiting and extending
prior knowledge, and (d) thinking routines. These considerations and strategies often
require teachers to customize the learning progression and generally reflect the teachers’
concern for, and their knowledge of their students. Teachers also intervene for anticipated
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preconceptions and difficulties that the students may have. A misaligned learning
progression may create its own learning ‘bottlenecks’. Some of the intervention strategies
requires ‘foregrounding’ topics students have difficulty learning, and teaching them early
in the learning progression.
Teacher Dimension for Learning Progression
Besides the findings of teaching strategies and considerations for curriculum
planning as detailed in this chapter, the study was designed to surface differences in
teachers’ perceptions of learning progressions with respect to two teacher dimensions.
The two dimensions were ‘years of teaching experience’ and ‘type of school’. The study
data have shown that there was no clear pattern or preference in either dimensions.
However, Junior College teachers (#2, #16 and #22) tend to see Kinematics and
Dynamics not as separate concepts but as one frame of Newtonian laws and logic. This
can be observed from their interviews, and from their arranged learning progressions
which tend to be branched and laid out more horizontally than vertically.
Teachers’ perception and use of learning progression are interconnected. For
instance, the teachers’ assessments of the students’ mathematical ability influence their
placement of the topics. Another observation that surfaced was that designing an
effective learning progression could be a skill that can be developed. The data do indicate
that teachers who have had the experience of leading a department were more cognizant
of the factors to be considered for curriculum sequencing. For instance, of the eight
teachers who mentioned ‘student readiness’ as a consideration for sequencing topics, five
were Heads of Department (HODs) or former HODs, and two were the master teachers.
That means that outside of the master teachers, 71% (five out of the seven) of HODs or
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former HODs referenced ‘student readiness’ as a strategy while 8% (one out of thirteen)
of non-HODs did the same.
‘Student readiness’ is but one category out of the many that emerged from this
study. It is closely related to ‘prior knowledge’, which all the teachers had discussed
during their interviews. Perhaps HODs are more aware of the terminology and principles
involved in curriculum sequencing. It is likely that the teachers’ utilization of learning
progressions is not a function of the years of experience but the nature of that experience.
This premise could be the basis for another study.
Summary
The teachers were generally in agreement on the definitions of Kinematics (study
of motion) and Dynamics (study of forces and their effects). They also concurred on the
key concepts that need to be taught (scalars vs vectors, the concept of acceleration and
Newton’s three laws). However, the teachers’ arrangements of the given specific
instructional objectives were unique. The teachers’ rationales for their decisions were
consistent through the course of the interview, and they had elaborated on their ideas with
explanations and examples. This implies that learning progressions are customizable to
the context and needs of students and the professional beliefs of the teacher. The study
also showed that there was no standard sequence across Singapore schools indicating that
teachers are given flexibility in their curriculum decisions, even those who teach in the
same school.
The teachers outlined conceptual themes that connect and order the specific
instructional objectives (SIOs). They gave varied ideas and scenarios that establish these
conceptual links. For this study, these themes are categorized into 6 groups: (a) key nodes,
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(b) dependency, (c) real-world context, (d) scientific notations and representations,
(e) scalars and vectors, and (f) reductionist approach.
For the teachers, the perceived key concepts become the key nodes in their
sequences. The nodes are sequenced to reflect their dependency; how the concepts relate
with one another and whether one concept builds on another. The remaining SIOs tend to
be application-based objectives or derived extensions from the key concepts. These are
usually clustered around the key concepts/SIOs.
Most of the teachers mentioned hands-on activities and there were noted
references in the interviews to observations and experiments. Students’ real-world
experiences that were highlighted, discussed and analyzed were concrete, observable and
empirical events. This emphasis on and inclusion of hands-on activities did not seem to
affect the general flow of the learning progressions.
The teachers were of the opinion that ‘scientific notations and representations’
have their own language and rules. They considered these diagrams to be scientific
models or abstractions of the real world. The teachers believed that a student of physics
would need to understand both the real and the abstract.
The teachers described scalars and vectors as an attribute of the Kinematics
quantities; distance as opposed to displacement, speed as opposed to velocity.
Acceleration and forces are vectors, thus making vectors a recurrent theme in the learning
progression. Finally, a reductionist approach simplifies problems using reduced concepts
or controlled contexts to introduce complex concepts to students. Some teachers
cautioned that there is a danger that the student does not advance from these simpler
analyses to a more demanding and more accurate conception.
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Besides the concept-based transitions and themes, the teachers shared generic
strategies and considerations on how to sequence the SIOs. For this study, these generic
methods were categorized into 4 groups: (a) student readiness, (b) spiral curriculum –
revisiting and extending prior knowledge, (c) assessment, and (d) thinking routines.
These strategies and considerations are more universal within education, and are likely to
be relevant to the general teaching community and not just to physics teachers.
Student readiness to engage successfully with a concept affects the placement of
said concept in a learning progression. The teachers believed that attempting more
advanced topics before the students are ready serves to confuse them. The teachers
stressed that the difficulties that students encounter depend on the student profile and the
characteristics of the cohort. A case in point would be in the teaching of graphs. For
students who are strong in mathematics, teachers used the graphs to explain complex
movements. For students who do not have a strong foundation in mathematics, teachers
started with a focus on observing movement and then linking each movement to their
corresponding graphical representations.
While common wisdom suggests that the more advanced topics are taught later,
some teachers ‘foreground’ difficult topics like free body diagrams so that students and
teachers have a longer ‘runway’ to revisit the concept. Revisiting a concept, as a way of
deepening it or to make it more accessible is a common strategy amongst the teachers
interviewed. It is not obvious from the learning progression that spiraling is being
consciously done but revisiting a topic is inherent in the dependency relationship between
associated concepts.
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Assessments are definitely important considerations for the teachers interviewed.
Here, learning progressions in the form of ‘schemes of work’ are being used both to
construct assessment that are aligned to the learning sequence, as well as to locate how
well the students are meeting learning goals. The teachers agreed that assessments need
to mirror teaching in terms of content and rigor as the students’ responses would reflect
how they have been taught. ‘Thinking routines’ described by some teachers are in the
form of prompts or a sequence of set procedures for analyzing context. The routines do
not affect the learning progressions directly as they are skills not listed in the SIOs.
However, the teachers believed that they are necessary additions to a content-heavy
official curriculum.
Another factor that would necessitate a tweaking of the learning progression is the
teacher’s interventions to remedy student misconceptions or to support student learning
of a challenging concept. Misconceptions and challenging concepts are relevant to this
study because they affect the conceptual flow that was intended in a learning progression.
The more common student difficulties that the teachers surfaced were ‘interpreting
Kinematics graphs’ and ‘drawing free body diagrams’. The teachers have different
strategies to mitigate these anticipated difficulties. Some adjust the duration of instruction
or move the SIOs around in the learning progression, while still others revisit the concept
in the learning progression.
There are a total of ten strategies and considerations (six that are concept-themed
and four that are generic) that teachers reflect on when planning a learning progression.
The large number of possible permutations of these strategies suggests that different
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arrangements of SIOs are not only possible but viable. This may account for the
uniqueness of each learning progression constructed by the teachers in this study.
The study set out to examine differences and similarities in the teachers’
responses in terms of their years of teaching and in terms of the schools they teach in.
The data did not indicate a clear distinction or show patterns of variation along the
dimensions of ‘years of service’ or between ‘government and independent’ school
physics teachers. There were some similarities in the teachers’ responses, Junior College
teachers tend to group Dynamics and Kinematics SIOs together offering horizontal rather
than vertical coherence. In another observation, the teachers’ perceptions of their students’
mathematical ability seems to be a key influence on their placement of the topics.
In the interview’s second task, the teachers were introduced to disciplinary core
ideas (DCIs) as an alternative or a complement to SIOs. DCIs are broader and more
explanatory descriptors of the curriculum topics. They explain complex ideas and can be
taught over multiple grade levels at progressive levels of depth and complexity (NGSS
Lead States, 2013b). Essentially, DCIs have the potential to be the ‘big ideas’ and
explanations linking the SIOs and thus offering plausible themes for coherence in the
curriculum.
The teachers recognized that the DCIs describe the concepts in greater detail than
the SIOs, which tend to describe student performance for assessment purposes. Most of
the teachers were unfamiliar with DCIs and were a little hesitant to adopt them. The
teachers commented that the DCIs needed to be interpreted into more specific objectives.
As their interpretations would differ, the teachers suggested that using DCIs could cause
differences in curriculum implementation.
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Generally, the teachers found the interview tasks on learning progression to be
professionally beneficial. From what the teachers shared, the deliberation on the
placement of each SIO both challenges and clarifies their own teaching schemas.
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CHAPTER V
SUMMARY, LIMITATIONS, DISCUSSION, AND RECOMMENDATIONS
The purpose of the study was to investigate the perceptions of physics teachers in
Singapore about curriculum sequencing, specifically how the order in which concepts are
taught supports student learning and prepares the students for the next more advanced
topic. The study sought to understand and document what physics teachers believe are
conceptual themes that run through Kinematics and Dynamics, the logic that underpins
the transitions between topics, and the considerations as well as general strategies that
teachers employ when planning a learning progression. This chapter contains a summary
of the study, its findings, its limitations, a discussion of the findings, conclusions, and
recommendations for both educational practice and for future research.
Summary of Study
Learning progressions are research-based descriptions of how students typically
develop knowledge about a subject. They use core themes to organize content elements
and are presented as coherent learning sequences. This curricular coherence is defined as
the alignment of the topic concepts within a subject discipline, with considerations for the
depth at which a topic is to be studied, and the sequencing of said concepts within and
across grades (Schmidt, Wang, & McKnight, 2005). Shwartz, Weizman, Fortus, Krajcik,
and Reiser (2008) contended that coherence in the science curriculum is necessary to
achieve true scientific literacy in students, and must be explicitly planned.
Learning progressions reflect the experts’ conceptual schemas of the discipline
and are conceived as strategic sequences of instruction that guide learners in successively
more complex ways of thinking (Duschl et al., 2011). It is important to remember that
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learning progressions tend to be hypothetical models, even if these models are informed
by experts in the discipline. Learning is predicted by many factors, both cognitive and
affective and does not follow a linear trajectory. The varied findings from the research on
learning progressions underscore the complexity of teaching and learning, and imply that
even ‘well-crafted’, standards-based, and authorized learning progressions need to be
understood, decoded and customized by educators in the field. Teachers still need to
interpret and enact these standards-endorsed learning progressions in ways that are
appropriate for their own students.
Teachers play a central role in instruction enactment. They are the implementers of
the larger educational vision and objectives. Teachers’ knowledge and beliefs about their
own teaching practice determine the experience and learning that students take away
from the lesson (Van Driel, Beijaard, & Verloop, 2001). Windschitl and CalabreseBarton (2016) agreed that it is crucial that teachers develop the capacity to adapt
curriculum materials to the needs of their students and to the affordances of their local
contexts. The authors noted that “we know little of how teachers engage in these complex
practices … How teachers reason with and about subject matter knowledge is poorly
understood” (p. 1124).
The teacher’s role in instruction is especially important given the recent education
reform in the United States and in Singapore that is moving subject-matter content and
objectives away from declarative knowledge to focus on deep structures that emphasize
conceptual continuity and reasoning. Researchers have found that teachers’
understanding of subject matter is a prerequisite for the development of pedagogical
content knowledge (Van Driel et al., 2001). Pedagogical content knowledge is of
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significance because it represents the blending of content and pedagogy into an
understanding of how content elements can be organized, represented, and adapted for
diverse learner profiles and needs (Shulman, 1986, 1987; Gess-Newsome et al., 2017).
The theoretical rationale for this study is built around two main principles guiding
curricular sequencing: (a) the sequence meets the developmental needs of the student,
and (b) the sequence is coherent, in that it is consistent with the structure of the
underlying discipline (Shepard et al., 2013). Extending from these two foundational
principles, are two main positions that frame this dissertation. They are (a) teachers are
curriculum gatekeepers, and (b) learning progressions are coherent sequences that cater to
student learning. The intersection of these two is the subject matter of this dissertation.
The goal of this research is to better understand how teachers as curriculum gatekeepers,
think about curricular coherence, and the principles that guide teachers in sequencing
program/unit level curriculum objectives.
This study was conducted to answer these two research questions.
Research Question 1. How do teachers perceive and interpret learning progressions?
1. How do teachers rationalize the curricular sequence of Kinematics and
Dynamics?
2. What relationships between topics determine this sequence?
3. Which sub-topic is particularly difficult for students?
4. Would the language of the standards affect the sequence (descriptions of core
ideas or descriptions of performance expectations)?
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Research Question 2. How do teachers utilize learning progressions in their
professional decisions?
1. How do teachers incorporate learning progressions in their instruction?
2. What determines the duration of a curricular sequence?
3. How do teachers anticipate and intervene for misconceptions in the light of
learning progressions?
The study adopted a qualitative methodology. The exploratory nature of the study
and the stated context (perceptions and viewpoints of individuals) require a qualitative
approach (Merriam & Tisdell, 2016). Data were obtained through in-depth, task-based
interviews with physics teachers, where they were asked to:
1. sort and sequence topics for the unit and explain the relationships between topics,
2. match learning objectives with disciplinary core ideas, and
3. position common misconceptions where they are likely to occur in the teacher’s
own learning progression.
Artifacts such as the teachers’ arrangement of topics during the first task were
collected and analyzed together with the interviews. These interviews and artifacts
presented data on teachers’ thinking about coherence, organizing themes, effective
sequences and pre-emptive interventions for misconceptions.
The sample was purposive and comprised teachers who taught physics at grades
seven to twelve in Singapore schools. A total of 22 teachers (13 male teachers and 9
female teachers) participated in this study (N = 22). Participation was voluntary. The 22
teachers included two master teachers whose interviews informed on the interview
protocol at the initial phase and on the codes during the analysis phase.
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Central to the efforts in preserving the validity of the teachers’ ideas during analysis
and coding were two member-checks. The first was a check with the participants on the
accuracy of the interview transcription. The second was made after analysis and coding,
and it was to confirm with participants that their ideas and positions had been correctly
interpreted and represented.
Summary of Findings
Several themes emerged in this study on physics teachers’ perceptions of
curriculum sequencing. The six main findings of the study are enumerated and listed as
follows.
1. The teachers concurred on the key concepts that need to be taught (scalars vs
vectors, the concept of acceleration and Newton’s three laws) and on the
definitions of Kinematics (study of motion) and Dynamics (study of forces and
their effects). Textbooks served the teachers as a common initial reference for
curriculum sequence.
2. The teachers’ sequencing of the topics (specific instructional objectives) were
unique. This implies that there is likely to be no standard learning progression
across Singapore classrooms or across school types (government or independent).
3. The organization of conceptual themes that connect the topics and order the
specific instructional objectives can be categorized into 6 groups: (a) key nodes,
(b) dependency, (c) real-world context, (d) scientific notations and representations,
(e) scalars and vectors, and (f) reductionist approach.
4. The teachers also relied on generic considerations and strategies to guide the
sequencing of the specific instructional objectives. These are (a) student readiness,
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(b) spiral curriculum – revisiting and extending prior knowledge, (c) assessment,
and (d) thinking routines.
5. The teachers anticipate and intervene for misconceptions and challenging
concepts as these affect the conceptual flow intended in learning progressions.
6. The teachers commented that disciplinary core ideas offer general and broad
descriptions of the concept. The core ideas need to be interpreted into operational
objectives and that may cause differences in curriculum implementation.
The study found that while the teachers agreed on the core definitions and key
concepts for Kinematics and Dynamics, they advocated different sequences in which to
present the topics to their students. This could be due to alternative teacher beliefs,
contextual considerations and differing applications of pedagogical strategies. The study
found 6 concept-themed approaches and 4 generic pedagogical considerations that
teachers use when sequencing topics. These 10 strategies and considerations offer
teachers a range of possible curriculum sequences. The teachers also intervene for student
pre-conceptions and misconceptions differently.
The intent of learning progressions is to implement a form of vertical continuity, a
coherence in how the concepts of the discipline are taught across grades. Disciplinary
core ideas would provide that broader perspective and highlight the important ideas
relevant across grades and topics. The teachers however found disciplinary core ideas to
be too generic in defining the content to be taught and assessed.
Limitations
This study was limited to physics teachers in Singapore, due to the researcher’s
background and experience in the Singapore education system. It would be difficult to
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generalize the findings to other countries that may have a differing education system with
different teacher and student attributes.
The second limitation involves the sampling procedure and the nature of the
sample used in this study. A purposive sample was sourced and the participants were not
selected at random. Additionally, the researcher is professionally and personally familiar
with many of the participants in this study. For the other participants, the invitations for
an interview were sent after preliminary introductions set up through mutual contacts.
Third, the interviews were given voluntarily and as such, the participants were
likely to be confident practitioners of their craft. This is evident in their receptiveness to
the questions and the level of conviction in their responses. This characteristic may or
may not reflect the general population of physics teachers in Singapore.
Fourth, while the task-based interview helps to standardize the format and
questions that were posed, there had been some constraints. Some interviews had time
limits and some were conducted at the end of a school day when the teacher is a little
fatigued. It does not help that the interview tasks required focus and were fairly long and
involved.
Fifth, it is difficult to analyze and code diagrams. An artifact from the interview
was the physical arrangement of the SIOs and its rendering as shown in Figure 23. (Both
of these diagrams were included in the validation checks with participants.) The diagram
contained rich information that was difficult to code and map. Hence some of the
information in the diagrams was set aside in this study.
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Figure 23. Actual and rendered diagram of learning progression for interview #11.

Finally, the codes that emerged from the interview data could fit into more than
one category. For instance, the distinction between scalars and vectors could also be
classified as a distinction between one-dimensional and two-dimensional space. Similarly,
aspects of the various codes are not mutually exclusive. For instance, in a spiral
curriculum, a concept is revisited to deepen the concept with each pass. In a same way,
while the reductionist strategy makes the event/problem easier for students to analyze, the
concept would require revisiting for students to learn the more complex workings of said
concept.
Discussion of Findings
In answer to the research questions on how the teachers perceive and utilize
learning progressions, the study found that physics teachers in Singapore are familiar
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with curricular sequencing in the form of schemes of work and textbooks. All of the 22
teachers interviewed made changes to the formal sequence to fit the needs of their
students as guided by their own experiences and professional beliefs.
While the teachers were no strangers to an official sequence, they were generally
not mindful of the possible role of the sequence as a means to emphasize continuity in the
domain, or that the Kinematics and Dynamics topics are linked by broader conceptual
themes. Nevertheless, the teachers were able to rationalize their arrangements of the
learning objectives using their own conceptual schemas and professional beliefs.
Additionally, they explained that their decisions are based on developing and aligning
concepts as well as providing scaffolds for learning. This section reviews the findings of
the study and examines its implications on and propositions for the research questions.
The study was designed to examine differences and similarities in the teachers’
responses in terms of their years of teaching and in terms of the schools they teach in.
The data did not indicate a clear distinction or show patterns of variation along the
dimensions of ‘years of service’ or between physics teachers of ‘government and
independent’ schools. However, the findings did indicate that teachers’ perception of
context and their use of learning progression are interconnected. For instance, the
teachers’ assessments of the students’ mathematical ability influenced their placement of
the topics. Additionally, teachers teaching grades 11 and 12 tend to group Dynamics and
Kinematics SIOs together offering horizontal rather than vertical coherence. These
practices emphasize the need for learning progressions to fit context.
The learning progressions as arranged by the teachers in this study were all
unique. This finding does not align with an implicit idea that there is an ‘ideal’ sequence
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that will incorporate both the disciplinary schema and the learner’s cognitive
development. While researchers and educators understand that there are ‘multiple
pathways’ for a student to learn, there is an impression that an informed and researched
learning progression exists. Heritage (2008) and Corcoran et al. (2009) believed that a
well-constructed learning progression presents a supportive framework for instructional
planning. One impetus behind the promotion of learning progressions as a part of
education reform is the idea that a schematically correct lesson sequence would help
students understand the discipline better.
To this end, most of the current research on learning progressions has been
focused on validation; developing said curricular sequences or improving on existing
ones. As examples, there are the validation studies on the learning progression of the
water cycle (Forbes et al., 2015), on climate change (Breslyn et al., 2016), on forces
(Alonzo & Steedle, 2009), and on genetics (Todd et al., 2017). Contrary to the
assumption that learning progressions improve with more research, the individuality of
each teacher’s arrangement in this study suggests that there are contextual factors at play
and that these factors are pre-eminent. This study found differences in how teachers
rationalize their teaching sequences. In each of the interviews, the teacher’s reasoning
and ideation of the sequence were consistent and stable. They had explained the
relationships and themes that connect the topics in their learning progressions, and often
with references to what they have observed in classrooms.
It is important to establish that one of the findings is that the teachers agree on
the key concepts and their definitions, as is the case for scalars vs vectors, the concept of
acceleration and Newton’s three laws. They agree on key relationships such as motion
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being an effect of a net force. They are also in general agreement about topics that
students would have difficulty learning like interpreting graphs and analyzing forces.
This underscores the fact that the teachers are teaching students towards the same
performance outcomes and for most, the same exit examination. Yet, their learning
progressions are different from one another’s. As teacher #2 noted, it is possible to
sequence the curriculum in slightly different ways as there are alternative lines of
reasoning to arrive at a solution (#2, 75:57). The lesson pathways taken by the teachers
are different as a reflection of their particular school context and their own professional
beliefs.
In the interviews, many teachers referenced certain guiding principles or practices
that help them decide on the order of the topics. These practices were categorized into
two sets of considerations and strategies: one was conceptually themed and the other
pertained to generic pedagogical strategies.
1.

Concept-themed considerations → (a) key nodes, (b) dependency, (c) realworld context, (d) scientific notations and representations, (e) scalars and
vectors, and (f) reductionist approach.

2.

Generic pedagogical considerations and strategies → (a) student readiness,
(b) spiral curriculum – revisiting and extending prior knowledge,
(c) assessment, and (d) thinking routines.

These two strands overlap and influence not only the lesson activities but also the
sequencing of the topics. The teachers’ utilizations of and accommodations for these 10
considerations and strategies differ, and this flexibility of application is likely to account
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for the differences in the teachers’ learning progressions. Ultimately the learning
progression is customized for fit.
Figure 24 shows a modified model of the theoretical rationale. This model
incorporates study findings on the principles and strategies that guide curriculum
sequencing for the teaching of Kinematics and Dynamics.

Study Findings

Curricular
Sequence

Meets developmental
needs of students

Coherent with disciplinary
knowledge and practice

Generic pedagogical
considerations & strategies
(a) Student readiness,
(b) Spiral curriculum –
revisiting and extending
prior knowledge,
(c) Assessment, and
(d) Thinking routines.

Concept-themed considerations
(a) Key nodes,
(b) Dependency,
(c) Real-world context,
(d) Scientific notations and
representations,
(e) Scalars and vectors, and
(f) Reductionist approach.

Teacher beliefs and
knowledge
Time and resources

Learning Progressions
- Organized and sequenced
maps that guide instruction
- Vertical continuity, over
time, across concepts

Enactment
- Unit plan and activity
structure
Figure 24. Theoretical rationale incorporating study findings on principles and strategies
that guide curriculum sequencing for Kinematics and Dynamics.
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As stated in the summary of study at the start of this chapter, the theoretical
rationale for this research is built around two main principles guiding curricular
sequencing: (a) the sequence meets the developmental needs of the student, and (b) the
sequence is coherent, in that it is consistent with the structure of the underlying discipline
(Shepard et al., 2013). The original theoretical rationale (Figure 1) in Chapter I continues
to be the framework for this study. This modified model (Figure 24) incorporates study
findings by elaborating on the two core principles from the original model. The study
findings are specific to the instruction of Kinematics and Dynamics as defined by the
specific instructional objectives of the GCE ‘O’ Levels.
The first core principle is that curricular sequencing has to be ‘coherent with
disciplinary knowledge and practice’. In the modified model, this principle is expanded to
include the teacher deliberations on ‘concept-themed considerations’ such as (a) key
nodes, (b) dependency, (c) real-world context, (d) scientific notations and representations,
(e) scalars and vectors, and (f) reductionist approach. The second core principle, the
belief that curricular sequencing should ‘meet developmental needs of students’ is
elaborated on by ‘generic pedagogical considerations and strategies’ such as (a) student
readiness, (b) spiral curriculum – revisiting and extending prior knowledge,
(c) assessment, and (d) thinking routines. As Figure 24 shows, these considerations and
strategies for both disciplinary content and for student affect influence how Kinematics
and Dynamics learning progressions are organized.
The teachers shared on the various ways learning progressions are customized for
their students. Master teacher #7 starts the learning progression by focusing on the effects
of forces. For him, it is essential for his students to observe, be aware of, and to look out
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for ‘cause and effect’. Using another perspective, teacher #6 mapped the Kinematics
progression based on concept dependency. He surmised that understanding the concept of
speed and velocity allows students to correctly represent them on graphs. Understanding
graphs then paves the way for students to see how velocity changes when an object
accelerates. Finally, his students are asked to analyze the context of free fall where the
acceleration is not uniform. And this is where the Kinematics graphs are used to show
how the acceleration would change (#6, 07:32). He noted that “sequences are logical and
incremental in the understanding of physics” (#6, 29:50). This is the same understanding
that education researchers have. Newmann et al. (2001) had advised that the students
learn better, if there were logical themes or relationships connecting the ideas being
taught. The contention, however, is not whether there should be logical themes but that
who determines what these themes are.
At the implementation level, adjustments to a proposed sequence need to be made
to accommodate the differences in student readiness. Explaining the need for these
adjustments, Roseman, Linn and Koppal (2008) shared that materials that reflect the rich
interconnected understanding of experts may not be suitable for learners. Similarly,
Shavelson and Kurpius (2012) advised that based on research on students’ knowledge
structures, it is unlikely that a single learning progression for teaching is plausible.
Student readiness is a core consideration for the teachers in the study. Teacher #9
believes that attempting more advanced topics before the students are ready serves to
confuse them (#9, 35:07). In the case of teacher #9, some of her students have vocabulary
and language proficiency issues. In her learning progression, she allocates time to
explaining the different types of forces and introducing the terminology (#9, 18:56).
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Master teacher #7 suggested that teachers move away from thinking about ‘sequencing
content’. It should be about ‘sequencing learning’, by adding scaffolds, as and when
required for student readiness (#7, 86:45).
Student difficulties with concept development depend on the student profile and
the characteristics of the cohort (#9, 67:00). Smith (2007) noted that students have their
own conceptual coherence even if their schemas are erroneous. He added that “students
who articulate a concept one way are more likely to articulate related concepts in ways
that promote their fit with each other” (p. 350). Hence a misconception in one concept is
replicated in another related concept. The teachers anticipate and intervene for
misconceptions and challenging concepts as these affect the conceptual flow intended in
learning progressions, sometimes by changing the sequence itself. Some teachers
introduce difficult concepts early so that there are opportunities for revisiting the concept.
In the words of teacher #8, teaching a challenging concept early offers students a longer
‘runway’ to learn it (#8, 42:56).
Learning progressions have always been part of the education landscape. They are
the sequence of topics found in the textbooks. Teacher #12 commented that when he
started teaching, he had ‘inherited’ the school’s scheme of work which was also the
sequence in the textbook (#12, 10:54). Master teacher #1 had observed that teachers
would follow the sequence in the textbook as the books had been vetted such that all the
intended lesson objectives are presented (#1, 52:36). Teacher #5 noted that while teachers
used textbooks as an initial reference for sequencing topics, their own teaching schemas
develops over time. An official learning progression is a good baseline for teachers to
modify and adapt.
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Learning progressions are also important references for student assessment as
learning progressions cover all key concepts and provide the rationale for the
relationships between concepts. They are invaluable in the development of assessment
systems and for tracking student progress (Heritage, 2008; NRC, 2006, 2007). Similarly
in Singapore, learning progressions in the form of schemes of work are being used both
to construct assessment aligned to the learning sequence, as well as to locate how
students are meeting learning goals.
Learning progressions continue to be useful representations of domain schema,
mapping the core ideas and relationships that need to be taught (NRC, 2007). Supporting
this argument for a conceptual schema in teaching and learning, Hewson and Posner
(1984) found that students who do not have a conceptual framework of the subject may
not retain the knowledge that they have learned. Thus, a coherent conceptual schema
continues to be a critical objective of curriculum planning. However, interpretations of
what constitutes coherence differ. In the reality of varied and diversified classrooms,
teachers customize the learning progressions to ensure fit and suitability, fulfilling their
role as curriculum gatekeepers.
Conclusion
Learning progressions cannot be standardized, as they are context specific. The
teachers’ adaptations of the more formal curricular sequences are based on their
professional understanding of the conceptual themes and their knowledge of the learning
needs of their students. The study has found 6 concept-themed considerations and 4
generic pedagogical strategies and considerations that would influence the teachers’
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sequencing of topics. These 10 considerations and strategies would offer flexibility in
practice and thus would account for the learning progressions being unique to the teacher.
Within a framed context however, learning progressions are invaluable
educational tools. The shift to learning progressions in part had been to emphasize
connections between topics and the continuity of themes within the discipline. Coherence
and continuity are important tenets for science education as science is both structured and
complex.
From the teachers’ list of considerations when deliberating on a topic sequence,
we can infer that a good learning progression is one that is ‘coherent’. Coherent with the
disciplinary knowledge to be taught: its concepts, skills and structures. And coherent with
the students’ cognitive functions and developing understanding. Adapting instruction for
diverse learner profiles requires a professional proficiency. It requires knowledge of the
discipline, knowledge of students and knowledge of how students learn. This pedagogical
content knowledge represents the blending of content and pedagogy into an
understanding of how content elements can be organized, represented, and adapted for
diverse student needs (Shulman, 1986, 1987; Gess-Newsome et al., 2017). The findings
of this study, namely the ten pedagogical strategies and considerations for curricular
sequencing, could be considered a form of pedagogical content knowledge.
There are also other sequencing strategies that are implemented, but which are
usually not indicated in a learning progression such as the reductionist approach or
curriculum spiraling. Hence, while a formal standard-based learning progression may
map the concepts and their relationships, it is unlikely to reflect the actual enacted
sequence.
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The conundrum is such: science teachers understand that physics is a highly
structured discipline and that the science curriculum must reflect that. Yet, flexibility in
the curriculum is needed to accommodate diverse learners. Perhaps a solution can be
found in teacher #22’s learning progression. He noted that it was best to work from first
principles (#22, 03:39). Teacher #22 arranged a flow-chart starting with basic axioms
(Figure 25) rather than a vertical diagram as is the format of learning progressions. When
asked, he said that the map simply shows how topics are related and that by starting from
any of the branches and then moving on to another branch, or by starting from the
topmost concept, multiple learning progressions lines can be drawn. It is then up to the
teacher to choose the one that caters best to his context.

Figure 25. Kinematics and Dynamics learning progression #22.
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The teachers interviewed valued the nature of the interview tasks. They said that
deliberating over the sequence made them examine their practices in depth. Additionally,
the teachers felt that they became more thoughtful about the scope of the curriculum as
well as the possibilities of other pathways. As a researcher, I am surprised by, but grateful
for, the wealth of information that could be obtained through 60 minutes of conversation
with educators. Without teacher or student inputs however, a learning progression
defaults towards just organizing content. That would not be desirable, as it would only
map a portion of the intended learning experience. The theoretical framework for this
study suggests that a learning progression needs to cater to both the disciplinary schema
as well as to the students’ own developing schemas. This in turn requires teachers to
adapt instruction to the needs of their students and to the objectives of the official
syllabus.
Recommendations for Educational Practice
Based on the results of the study, the following recommendations may be
considered for educational practice:
•

Learning progressions could be used as a topic for professional sharing amongst
physics teachers in a school. The focus would be on connections between topics
and continuity in the conceptual themes across teaching units. Teachers could
discuss the similarities and difference in their arrangements and possibly try out a
strategy either from those identified in the study or develop another more suitable
to their context. In the light of coherence and continuity, the teacher teams could
determine the prior knowledge needed before the unit and discuss ways to ensure
student readiness.
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•

Teachers could modify the scheme of work to accommodate interventions for
common student misconceptions or to bridge potential difficulties that students in
their school could have. Teachers could locate common points in their learning
progressions for formative and summative assessments. Teachers could also
discuss how the assessment questions reflect and test the conceptual themes in
learning progressions.

•

Students themselves could expound on their own perceptions of the topic,
specifically on the core ideas and the conceptual themes. Educators would then be
better informed of students’ learning needs, allowing them to correctly position
interventions in the learning progression.
Recommendations for Future Research

Based on the results of the study, the following recommendations may be considered for
further research:
•

A study could be conducted on how the findings of this study connect with
students’ perceptions of the sequence. For instance, based on the learning
progression the students have experienced, what topics/transitions between topics
in the progression were easy to understand and/or what were the specific
problems they encountered.

•

A study to investigate if a teaching schema exists. The schema for physics as a
discipline consists of the formal concepts as well as the disciplinary skills and
thinking. Teachers reference and use this schematic map of the discipline as the
desired endpoint for their students’ own understanding. That is and should be the
case. However, the disciplinary schema does not accommodate some instructional
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strategies like the reductionist approach or the spiral curriculum. Hence, would
teachers already have (as this study suggests) learning progressions or teaching
schemas that incorporates the pedagogical knowledge of how a concept is
learned?
•

A study to map the physics and mathematics syllabi in an attempt to streamline
the teaching of common topics. The teachers in the current study mentioned that
students of physics need to understand certain mathematics topics, notations and
tools such as geometry, scaled drawings and graphs. This study would be based
on a larger-grained learning progression encompassing portions of both subjects.
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APPENDIX A: Review of Qualitative Research
Krathwohl (2009) proposed that qualitative procedures are ideal for exploring
complex phenomena where there is little knowledge. He listed six general characteristics
associated with qualitative procedures (p. 236):
1. oriented toward exploring, describing, and explaining;
2. inductive and emergent in approach;
3. dealing with words;
4. holistic in orientation;
5. not using treatments; and
6. concern with local knowledge and with perceived and constructed reality.
Similarly, Merriam and Tisdell (2016) submitted that qualitative researchers build
toward theory from observations that come from the field. Knowledge is built from
interviews, observations, and/or documents. The researcher works from the particular to
the general. At the root of the inquiry “is an interest in understanding the lived experience
of other people and the meaning they make of that experience” (Seidman, 2006, p. 9).
Charmaz and Belgrave (2012, p. 349) contended that qualitative researchers make
the following assumptions: (a) multiple realities exist, (b) data reflect researchers’ and
research participants’ mutual constructions, and (c) the researcher enters, however
incompletely, the participant’s world and is affected by it. The researcher is advised to be
cognizant that this approach allows for an interpretation of the studied context, not an
exact picture of it. Thus, the need for structure in the study design and close
documentation of the data collection process to assist the researcher in the analysis of
data. The collated information, combined and ordered into larger themes, will offer some
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insights into the aspect of teaching practice that this study will be exploring.
Nature of Research Interviews
Brinkmann and Kvale (2015) characterized the research interview as a
conversation that has a clear purpose. Seidman (2006) contended that interviewing allows
the researcher access to the context of people’s behavior and thus provides a way for
researchers to understand the meaning and intent of that behavior. “A basic assumption in
in-depth interviewing research is that the meaning people make of their experience
affects the way they carry out that experience” (p. 10).
As Wolcott (1990) pointed out, the researcher is an integral part of the qualitative
study, stressing the need for a clarity of purpose to guide the researcher. Wolcott advised
that the data collection and analysis procedures be planned and structured by the
questions that frame the study and by the general theory that informs the research. The
ideas that emerge from the data would evolve to fit the more common viewpoints,
reasoning, or experience as reported by the subjects. The researcher is constantly
comparing data garnered from subjects with the emerging theory.
The knowledge and insights gleaned from these interviews, however, are bound
by the nature of the interaction. Brinkmann and Kvale (2015) saw interview knowledge
as contextual, linguistic, narrative, and pragmatic. The authors went on to explain that
“interview data consist of meaningful statements, themselves based on interpretations;
the data and their interpretations are thus not strictly separated” (p. 67). As the researcher
is the main research instrument, her knowledge of content and her competence in
interview techniques become essential for the quality of the knowledge produced.
Professional expertise is required to ‘catch’ significant findings during the interview
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process as well as in the analysis of the data.
As the research instrument, the researcher must be mindful of the possibility of
bias. Bogdan and Biklen (2007) advised that qualitative researchers remain cognizant of
and reject their own preconceptions in the research process. The interviewer could well
take the position of a recorder of the subjects’ attitudes, opinions, and experiences.
Semi-structured Interviews
A semi-structured interview is one in which the interviewer may deviate or
expand on the prepared questions. The interviewer explores themes by asking more openended questions, and facilitating a discussion with the subject. The subject’s answers to
the questions are followed up and probed for richer data. Brinkmann and Kvale (2015)
depicted the method as more natural and flexible than adhering to set questions. Semistructured interviews are advised for research themes where less is known or when
verifying an existing theory (Krathwohl, 2009; Brinkmann & Kvale, 2015). Researchers
are advised to prepare an interview guide, where suggested questions are grouped under
topics and themes. The interviews will be audio recorded for transcription to ensure
accuracy in the data collection.
Task-based Interviews
In structured, task-based interviews, the interviewer and subject interact in
relation to one or more tasks (questions, problems, or activities) introduced to the subject
in a preplanned way. The subjects’ interactions are not merely with the interviewers, but
with the task environments as well. The task itself maintains a consistency in the
interviews and is the ‘constant’ for all subjects interviewed. Goldin (2000, p. 520)
submitted that task-based interviews can serve as research instruments for making
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systematic observations under certain structured conditions. He added that the value of
task-based interviews is that they provide control over the data collection in terms of
wording, content, setting, sequence, and structure.
Depending on the design of the study, the role of the interviewer would be to
bring attention to thoughts and strategies at specific junctures of the task. In a study to
test the effects of variables on the strategies used in concept identification tasks (Goldin
& Waters, 1982), subjects were asked to explain their choices each time they made a
decision. The purpose was to be able to classify the reasons they offered as being of a
‘focusing’ or a ‘scanning’ nature, thus introducing a quantifiable distinction between the
two. Hoffman (2015) used task-based interviews to understand middle school
mathematics teachers’ concept of slope. The study found that teachers’ concept definition
of slope revolved around the steepness of a line and that their collective understanding is
that a linear function is synonymous with a constant rate of change. Not all of the
teachers interviewed recognized that the rate of change could vary from point to point.
Hoffman had tasks that incorporated 11 conceptualizations but found that teachers
reverted to only a few to help them solve or explain. The task-based interviews were able
to surface the teachers’ concepts and thinking.
Goldin (2000, pp. 541–544) proposed several guiding principles for task-based
structured interviews. Seven of these principles are adopted for this study:
1. Design task-based interviews to address advanced research questions.
Research questions should influence the development of the interview, i.e. the
choice of tasks and materials, the contingencies in the interview, the decisions
about what behaviors to observe, and the criteria for making inferences.
2. Choose tasks that are accessible to the subjects.
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This means that the subjects should be able to perform the task or ‘represent
meaningfully’ at least some task configurations, conditions and goals.
3. Choose tasks that embody rich and representational structures.
The structures should incorporate simultaneously ‘rich, formal, and symbolic
structures’, capable of notational representation in a variety of ways. The
structures would be predisposed to abstract characterization, as well as being
represented through visual, and semantic representation.
4. Encourage free problem solving.
Subjects should engage in free problem solving during the interview in order to
allow observation of their spontaneous behaviors and their reasons for their
choices before prompts or suggestions are offered.
5. Decide what will be recorded and record as much of it as possible.
The subjects may be asked to show the researcher what they mean at key points
during the task. This would provide richer information about their thinking.
6. Be alert to new or unforeseen possibilities.
One of the indicators of good research is its openness to new perspectives. New
ways of looking at things provide the impetus to revise ideas, and to ask new or
better questions.
7. Compromise when appropriate.
In uncovering complex processes, interview protocols for the tasks should not be
implemented mechanically.
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APPENDIX B: Two Types of Topic Descriptors
Lesson objectives
(6091 Physics GCE O’ Level Syllabus 2019)
• State what is meant by speed and velocity
• Calculate average speed using distance traveled/time taken
• State what is meant by uniform acceleration and calculate the value of an acceleration using
change in velocity/time taken
• Interpret given examples of non-uniform acceleration
• Plot and interpret a displacement-time graph and a velocity-time graph
• Deduce from the shape of a displacement-time graph when a body is: at rest, moving with
uniform velocity
• Deduce from the shape of a velocity-time graph when a body is: at rest, moving with uniform
velocity, moving with uniform acceleration, moving with non-uniform acceleration
• Deduce from the shape of a displacement-time graph and the shape of a velocity-time graph
when a body is at rest
• Deduce from the shape of a displacement-time graph and the shape of a velocity-time graph
when a body is moving with uniform velocity
• Deduce from the shape of a velocity-time graph when a body is moving with uniform
acceleration and when it is moving with non-uniform acceleration
• Calculate the area under a velocity-time graph to determine the displacement traveled for motion
with uniform velocity or uniform acceleration
• State that the acceleration of free fall for a body near to the Earth is constant and is
approximately 10 m/s2
• Describe the motion of bodies with constant weight falling with or without air resistance,
including reference to terminal velocity
• Describe the effect of balanced and unbalanced forces on a body
• Describe the ways in which a force may change the motion of a body
• Identify action-reaction pairs acting on two interacting bodies
• Identify forces acting on an object and draw free body diagram(s) representing the forces acting
on the object
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• Solve problems for a static point mass under the action of 3 forces for 2-dimensional cases
• Recall and apply the relationship resultant force = mass × acceleration to new situations or to
solve related problems
• Explain the effects of friction on the motion of a body

Disciplinary core ideas
(Next Generation Science Standards)
• Pushes and pulls can have different strengths and directions (K- PS2-1), (K-PS2-2)
• Pushing or pulling on an object can change the speed or direction of its motion and can start or

stop it (K-PS2-1), (K-PS2-2)
• When objects touch or collide, they push on one another and can change motion (K-PS2-1)
• Each force acts on one particular object and has both strength and a direction. An object at rest
typically has multiple forces acting on it, but they add to give zero net force on the object. Forces
that do not sum to zero can cause changes in the object’s speed or direction of motion (3-PS2-1)
• The patterns of an object’s motion in various situations can be observed and measured; when that
past motion exhibits a regular pattern, future motion can be predicted from it (3-PS2-2)
• Objects in contact exert forces on each other (3-PS2-1)
• For any pair of interacting objects, the force exerted by the first object on the second object is
equal in strength to the force that the second object exerts on the first, but in the opposite
direction (MS-PS2-1)
• The motion of an object is determined by the sum of the forces acting on it; if the total force on
the object is not zero, its motion will change. The greater the mass of the object, the greater the
force needed to achieve the same change in motion. For any given object, a larger force causes a
larger change in motion (MS-PS2-2)
• All positions of objects and the directions of forces and motions must be described in an
arbitrarily chosen reference frame and arbitrarily chosen units of size. In order to share
information with other people, these choices must also be shared (MS-PS2-2)
• Gravitational forces are always attractive. There is a gravitational force between any two masses,
but it is very small except when one or both of the objects have large mass, e.g., Earth and the
Sun (MS-PS2-4)
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APPENDIX C: Interview Questions
Perceptions of Physics Teachers in Singapore about Curriculum Sequencing

RQ 1. How do teachers
perceive and interpret
learning progressions?

1)

How do teachers
rationalize the curricular
sequence of Kinematics
and Dynamics?
2) What relationships
between topics determine
this sequence?
3) Which sub-topic is
particularly difficult for
students?

Task One

4)

Task Two

Would the language of the
standards affect the
sequence?

1)

There is no right or wrong order of themes. What
guides you as you are sequencing these sub-topics?
2) What relationships between sub-topics determine
this sequence?
3) What are your own thoughts and questions about
this exercise?
4) Which sub-topic is particularly difficult for students?
Why and what are their specific problems?

1)

2)

3)

RQ 2. How do teachers
utilize learning
progressions in their
professional
decisions?

1)

2)
3)

How do teachers
incorporate learning
progressions in their
instruction?
What determines the
duration of a curricular
sequence?
How do teachers
anticipate and intervene
for misconceptions in the
light of learning
progressions?

Specific instructional objectives and disciplinary core
ideas both define science standards. What might be
the differences between specific instructional
objectives and disciplinary core ideas?
Would the specific instructional objectives
encompass the principles behind the disciplinary
core ideas?
Would the language and focus of the standards
affect the sequence? Are there changes to the
sequence that you wish to make?

Task Three
1)

2)
3)

4)

How long would it take to effectively teach these
topics? Please give a value for the best class as well
as a class that needs more time for consolidation.
Which segment would take the longest to teach?
What determines the pacing of a curricular
sequence?
What misconceptions are likely to occur, and where
in the sequence, might they occur? What
interventions might be needed for these
misconceptions?
How might a learning progression be useful for you?
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APPENDIX D: Participant’s Consent to Interview
CONSENT TO PARTICIPATE IN A RESEARCH STUDY
Below is a description of the research procedures and an explanation of your rights as a
research participant. You should read this information carefully. If you agree to
participate, you will sign in the space provided to indicate that you have read and
understand the information on this consent form. You are entitled to and will receive a
copy of this form.
You have been asked to participate in a research study conducted by Lay Lean Fong, a
graduate student in the School of Education at the University of San Francisco. The
faculty advisor for this study is Dr. (name of advisor), a professor in the Department of
Education at the University of San Francisco.
WHAT THE STUDY IS ABOUT:
The purpose of this research study is to examine physics teachers’ perceptions about
curricular coherence and curriculum sequencing. The study will explore teachers’ beliefs
and rationale for ordering topics for effective learning of core disciplinary concepts and
for continuity of instruction.
WHAT WE WILL ASK YOU TO DO:
During this study, the following will happen: you will participate in an audiorecorded interview where I will ask you about your perceptions regarding the best
sequence for topics in Kinematics and Dynamics. You are free to decline to
answer any question you do not wish to answer or to stop participation at any
time. As part of the study, I seek to examine relevant school documents you may
provide to illustrate points raised during the interview.
DURATION AND LOCATION OF THE STUDY:
Your participation in this study will involve one interview session of 60 to 90 minutes.
The study will take place at a time and place convenient to you.
POTENTIAL RISKS AND DISCOMFORTS:
We do not anticipate any risks or discomforts to you from participating in this research. If
you wish, you may choose to withdraw your consent and discontinue your participation at
any time during the study without penalty.
BENEFITS:
You will receive no direct benefit from your participation in this study; however, the
possible benefits to others include your contribution to the field of curriculum planning
and sequencing as well as to the design of professional development programs for
teachers.
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PRIVACY/CONFIDENTIALITY:
Any data you provide in this study will be kept confidential. No individual identities will
be used in any reports or publications resulting from the study. I will not include
information that will make it possible to identify you or any individual participant.
Specifically, I will keep study data including the audio-recording of the interview in
locked files at all times. Audio-recording the interview ensures that I preserve all
comments. Your responses will be transcribed and returned to you to obtain your
agreement of the recorded data. If I decide to use a transcription service, I will sign a
confidentiality agreement with the transcriptionist. Upon completion of the research all
data will be destroyed after five years.
COMPENSATION/PAYMENT FOR PARTICIPATION:
There is no payment or other form of compensation for your participation in this study.
VOLUNTARY NATURE OF THE STUDY:
Your participation is voluntary and you may refuse to participate without penalty.
Furthermore, you may skip any questions or tasks that make you uncomfortable and may
discontinue your participation at any time without penalty. In addition, the researcher has
the right to withdraw you from participation in the study at any time.
OFFER TO ANSWER QUESTIONS:
Please ask any questions you have now. If you have questions later, you should contact
me at +65 XXXXXX or +1 415 XXXXXX or XXXXXXX@usfca.edu. If you have
questions or concerns about your rights as a participant in this study, you may contact the
University of San Francisco Institutional Review Board at IRBPHS@usfca.edu.
I HAVE READ THE ABOVE INFORMATION. ANY QUESTIONS I HAVE
ASKED HAVE BEEN ANSWERED. I AGREE TO PARTICIPATE IN THIS
RESEARCH PROJECT AND I WILL RECEIVE A COPY OF THIS CONSENT
FORM.
PARTICIPANT'S SIGNATURE

DATE
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APPENDIX E: Samples of Coding and Data Collation
Example of coding – excerpt of coding for interview #6

Example of data collation by themes – excerpt from Code @6 ‘Student Readiness’

